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PREFACE. 


The  present  work  concerns  itself  solely  with  the  practical 
aspects  of  treatment  by  operation,  with  the  technical  details 
of  operative  surgery,  and  with  such  part  of  the  surgeon's  work 
as  comes  within  the  limits  of  a  handicraft. 

With  the  indications  for  operating  I  have  not  dealt,  nor 
have  I  entered  into  the  subtle  questions,  the  anxious  reason- 
ings, the  spectral  doubts,  which  lie  without  the  operating 
theatre. 

Into  the  mysteries  of  surgical  statistics  I  have  A^entured 
also  with  but  reverent  caution. 

For  the  selection — out  of  the  vast  and  bewildering  col- 
lection provided  by  the  literature  of  Surgery — of  particular 
methods  of  operating  1  must  hold  myself  answerable.  I  have 
selected  such  measures  as  have  appeared  to  me  to  be  the  best, 
and  have  made  no  attempt  at  encyclopaedic  completeness. 

The  majority  of  the  descriptions  are  founded  upon  per- 
sonal experience  in  the  operating  theatre,  and  upon  repeated 
operations  on  the  dead.  The  account  of  such  particular 
methods  as  are  associated  with  the  names  of  individual 
surgeons  I  have  endeavoured  to  give  in  the  actual  words 
of  the  authors. 

In  each  section  I  have  included  details  as  to  the  pre- 
paration of  the  patient  and  the  after-ti-eatment  of  the  case, 
and  have  discussed  the  comparative  merits  of  the  variouK 
operations  described. 

The  illustrations  have  been  executed  by  Mr.  Charles 
Berjeau,  to  whose  artistic  skill  and  much-tried  patience  I  am 
greatly  indebted.    The  majority  of  them  have  been  made 
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from  sketches  of  my  own.  Such  as  have  been  derived 
from  other  sources  are,  I  hope,  fully  acknowledged. 

I  am  much  obliged  to  the  proprietors  of  the  Lancet  for 
kindly  lending  me  the  blocks  from  which  Figs.  237  and  23<S 
are  printed. 

The  figures  of  instruments  are  for  the  most  part  copied 
from  Weiss's  Catalogue. 

The  whole  of  such  leisure  as  I  could  obtain  during  the 
last  four  years  has  been  devoted  to  the  writing  of  this  book, 
and  I  have  done  my  best  to  render  it  complete  as  a  Practical 
Manual  of  Operative  Surgery :  but  I  would  rather  rely  upon 
the  reader's  indidgonce  than  upon  these  extenuating  circum- 
staiices  when  the  many  shortcomings  of  the  book  have  to  be 
judged. 


G,  ]Vi)npole  Street,  London. 
October,  1891. 
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A  MAITUAL  OF 

OPERATIVE  SURGERY. 


^art  I. 

GENERAL  PRINCIPLES, 

CHAPTER  I. 
The  Patient. 

1. — the  condition  of  the  patient  as  it  affects  the 
result  of  an  operation. 

"Never  decide  upon  an  operation,  even  of  a  trivial  kind," 
writes  Sir  James  Paget,  "  without  first  examining  the  patient 
as  to  the  risks  of  his  Hfe.  You  should  examine  him  with  at 
least  as  much  care  as  you  would  for  a  life  insurance.  It  is 
surely  at  least  as  important  that  a  man  should  not  die,  or 
suffer  serious  damage,  after  an  operation,  as  that  his  hfe 
should  be  safely  insured  for  a  few  hundred  pounds." 

In  the  case  of  urgent  operations,  performed  for  the  im- 
mediate purpose  of  saving  life — as  in  the  relief  of  a  stran- 
gulated hernia — few  considerations  weigh  with  the  surgeon 
save  the  one  great  need.  But  in  shght  operations,  in  ampu- 
tations for  deformity,  in  the  removal  of  small,  innocent 
tumours,  in  the  carrying-out  of  plastic  procedures,  and  in 
hke  surgical  undertakmgs,  it  is  of  infinite  importance  that 
every  possible  consideration  be  given  to  all  circumstances 
which  may  affect  the  patient's  well-being. 

No  operation  is  without  risk;  some  involve  special 
risks ;  some  overwhelming  risks.  It  is  the  surgeon's  duty  to 
estimate  the  proportion  between  the  danger  incurred  by  the 
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operation  on  the  one  hand,  and  by  the  disease  if  left  untreated 
on  the  other. 

The  risk  attending  the  removal  of  a  deformed  toe  should 
be  inlinitesimal.  In  properly  selected  cases  it  is  certainly 
trifling.  The  operation,  however,  }nay  be  followed  by  dangers 
to  life  if  it  be  carried  out  in  the  subject  of  chronic  kidney 
disease. 

If  the  mortality  attending  ovariotomy  were  to  be  increased 
threefold  beyond  the  present  percentage,  the  operation  would 
still  be  justifiable,  inasmuch  as  the  death-rate  in  untreated 
cases  is  so  high  as  to  leave  but  little  prospect  of  life. 

On  the  other  hand,  were  the  death-rate  of  hysterectomy 
lower  by  threefold  than  it  is,  it  Avould  not  sanction  the  per- 
formance of  that  operation  on  account  of  a  small  fibroid 
tumour  which  had  ceased  to  grow,  which  produced  no 
symptoms,  but  which  the  patient,  as  a  whim,  was  determined 
to  be  freed  from. 

If  a  patient  wishes  to  be  rid  of  a  mere  inconvenience,  or  of 
some  real  or  imagined  blemish,  it  is  exceedingly  important 
that  the  precise  risk  at  which  relief  may  be  obtained  is  clearly 
ascertained. 

Besides  the  risks  to  life,  there  are  possibilities  to  be  con- 
sidered which  may  be  termed  local  risks. 

The  little  operation  for  the  relief  of  Dupuytren's  contraction 
of  the  palmar  fascia  has  led  to  sloughing  of  the  tissues  of  the 
hand  and  a  crippling  of  the  limb  infinitely  more  severe  than 
that  attending  the  original  disease. 

I  have  known  an  operation  for  the  removal  of  a  small 
exostosis  of  the  femur,  which  caused  little  inconvenience,  lead 
to  suppuration  of  the  knee  and  a  final  anchylosis  of  the  joint. 

An  operation  for  harelip  carried  out  under  unfavourable 
circumstances  has' left  the  deformity  worse  than  it  was  before. 

It  is  of  the  utmost  importance,  therefore,  that  every  care 
should  be  taken  to  arrive  at  a  knowledge  of  the  ph3'sical 
condition  of  the  individual  upon  whom  even  a  small  operation 
is  to  be  performed.  Every  surgeon  must  have  met  with 
instances  where  he  has  regretted  the  neglect  of  this  funda- 
mental precaution.  I  once  snipped  off  Avith  the  scissors  a 
small  fibrous  epulis  growing  from  the  gum  of  a  little  boy.  I 
discovered  afterwards — what  I  should  have  known  before — 
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that  the  patient  was  the  subject  of  hfemophiUa.  The  small 
wound  became  the  seat  of  almost  uncontrollable  hasmorrhage, 
and  it  was  not  until  a  fortnight  had  elapsed  that  the  patient 
could  be  said  to  be  out  of  danger.  In  another  case,  I  re- 
moved— at  the  patient's  urgent  request — a  small  sebaceous 
cyst  from  the  scalp  of  a  man  of  fifty.  The  wound  soon  broke 
down,  suppurated  freely,  and  became  the  starting-point  of  a 
low  form  of  erysipelas,  of  which  the  patient  nearly  died.  It 
was  discovered  after  the  operation  that  the  man  was  suffering 
from  diabetes,  a  fact  of  which  he  himself  was  not  aware. 

In  forming  a  proper  estimate  of  the  risks  involved  by 
operations — so .  far  as  the  condition  of  the  patient  is  con- 
cerned— many  factors  have  to  be  considered,  and  in  the 
paragraphs  which  follow  the  more  important  are  dealt 
with.* 

Age. — Age  exercises  a  considerable  effect  upon  the  result 
of  operations.  Taking  amputation  as  a  typical  operation, 
it  appears  that  quite  yoimg  children — those  under  the  age 
of  five — do  not  bear  operation  well,  the  mortaUty  being  as 
high  as  between  the  ages  of  thirty-five  and  fifty.  The  mort- 
ality is  lowest  between  the  ages  of  five  and  fifteen,  and  these 
years  certainly  give  the  best  results  from  operations  of  almost 
every  kind.  After  fifteen  the  death-rate  begins  to  steadily 
but  slowly  increase.  The  variation  between  the  whole  period 
from  twenty  to  forty  is  certainly  not  considerable;  but  the 
risk  of  death  after  operation  is  twice  as  great  in  patients 
between  those  ages  as  it  is  in  individuals  under  twenty. 
In  patients  over  forty  the  mortality  is  nearly  three  times 
in  excess  of  the  rate  observed  in  patients  under  twenty.  Th6 
increase  in  the  risk  of  death  between  fifty  and  seventy  is  very 
rapid. 

In  children  wounds  usually  heal  well ;  the  patient's  organs 
are  healthy  and  vigorous,  and  the  nutritive  activity  of  the 
body  is  in  its  prune.  Children  show  great  recuperative 
power,  and  are  free  from  the  effects  of  that  mental  an^yety 
which  often  acts  so  injuriously  upon  adults.    They  are  able, 

*  Considoraljle  use  has  Leon  made  of  Sir  James  Paget's  classical  Lecture 
upon  the  suhject.    The  question  of  the  effect  of  the  operation  itself  is  alone  con- 
sidered.   The  special  risks  attending  the  .administration  of  ana.'sthcties  and  the 
circumstances  modifying  those  risks  are  considered  later  (page  78). 
13  2 
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moreover,  to  stand  long  confinenient  in  bed,  and  to  endure  a 
tedious  suppuration  with  comparativel}'^  little  ill  effect. 

On  the  other  hand,  children  suffer  severely  from  shock 
and  the  effects  of  acute  pain.  Pain,  if  unrelieved,  may  in  a 
few  hours  reduce  a  child  to  a  state  of  collapse.  Mr.  Howard 
Marsh  cites  the  case  of  a  child,  two  years  old,  who  "died 
apparently  of  the  pain  and  terror  caused  by  the  repeated 
dressings  of  a  burn  on  the  trunk  and  lower  limbs." 

Shock  is  certainl}'  the  chief  danger  in  operations  upon 
young  and  healthy  children. 

It  has  been  said  that  children  bear  the  loss  of  blood 
badly.  Mr.  Marsh  has  questioned  the  soundness  of  this 
belief,  and  with  his  view  I  entirely  concur.  Hasmorrhage 
must  be  regarded  relatively  Avhen  comparing  children  with 
adults.  If  the  weight  of  the  body  be  taken  in  conjunction 
with  the  amount  of  blood  lost,  I  think  it  will  be  found  that 
children  bear  litem  orrhagc  well,  and,  in  the  case  of  repeated 
bleedings,  often  remarkably  well. 

Operations  should  not  be  performed,  if  possible,  during 
the  first  dentition.  Children  are  then  often  restless  and 
excitable,  liable  to  digestive  disturbances  and  to  convulsions, 
and  apt  to  develop  a  high  temperature  under  Uttle  pro- 
vocation. 

The  natural  restlessness  of  children  is  often  an  obstacle  to 
the  perfect  success  of  an  operation,  and  operations  in  the 
region  of  the  pelvis  are  apt  to  be  complicated  by  the  difficulty 
of  keeping  the  child  clean. 

It  is  essential  for  the  good  result  of  a  plastic  operation  that 
the  child  should  be  in  sound  health.  Any  history  of  con- 
vulsions should  be  sought  for ;  and  the  operation  should  be 
postponed  if  the  patient  has  recently  been  exposed  to  the 
risk  of  infection  from  any  of  the  exanthemata. 

The  remarkable  effect  an  operation  now  and  then  appears 
to  have  in  determining  the  appearance  of  scarlet  fever  is  well 
known. 

C)f  the  influence  of  old  age  upon  operations,  Sir  James 
Paget  writes: — "Among  the  old  there  are  even  greater  dif- 
ferences than  among  the  younger  in  the  ability  to  recover 
from  operations;  and  age,  if  reckoned  by  years,  is  not  the 
only  thing  in  them  we  nuist  estimate.  .  .  .  They  that  are  fat 
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and  bloated,  pale,  with  soft  'textures,  flabby,  torpid,  wheezy, 
incapable  of  exercise,  looking  older  than  their  years,  are  very 
bad.  They  that  are  fat,  florid  and  plethoric,  firm-skinned 
and  with  good  muscular  power,  clear-headed  and  willing  to 
work  hke  younger  men,  are  not,  indeed,  good  subjects  for 
operations,  yet  they  are  scarcely  bad.  The  old  people  that 
are  thm  and  dry  and  tough,  clear-voiced  and  bright-eyed, 
with  good  stomachs  and  strong  wills,  muscular  and  active, 
are  not  bad;  they  "bear  all  but  the  largest  operations  very 
well.  But  very  bad  are  they  who,  looking  somewhat  like 
these,  are  feeble  and  soft-skmned,  with  little  pulses,  bad 
appetites,  and  weak  digestive  power,  so  that  they  cannot, 
in  an  emergency,  be  well  nourished. 

"The  old  are,  much  more  than  others,  liable  to  die  of 
shock,  or  of  mere  exhaustion,  within  a  few  days  after  the 
operation.  They  bear  badly  large  losses  of  blood,  long  ex- 
posure to  cold,  sudden  lowering  of  temperature,  loss  of  food. 
Large  wounds  heal  in  them  lazily.  Their  stomachs,  too,  are 
apt  to  knock-up  with  what  may  seem  to  be  no  more  than 
necessary  food — though,  indeed,  it  often  is  so ;  for  many  old 
people  are  in  less  peril  with  a  scanty  diet  than  Avith  a  full  one. 
Their  convalescence  is  often  prolonged.  .  .  .  There  are 
some  to  whom  convalescence  is  more  dangerous  than  disease. 

"  You  must  choose  for  the  old,  if  you  can,  short  and  gentle 
operations,  and  be  sparing  of  haemorrhage,  and  make  wounds 
that  may  not  lead  to  long  suppurations.  You  must  keep 
them  warm,  and  not  feed  them  beyond  their  real  necessities, 
nor  keep  them  long  recumbent.  In  all  their  convalescence 
you  must  be  constantly  on  the  watch  for  latent  mischief. 
Your  cares  must  be  doubled  when  your  operations  are  on  the 
lower  hmbs,  or  the  lower  part  of  the  trunk,  or  on  the  back,  for 
in  operations  on  these  parts  the  risks,  both  local  and  general, 
are  nmch  greater  than  in  the  parts  above  the  heart.  .  .  . 
Let  me  add  that  of  all  the  conditions  of  disease  or  imperfect 
health  which  influence  the  results  of  operation,  there  is  no 
graver  complication  than  old  age,  unless,  indeed,  it  be  habitual 
intemperance." 

Sex. — Other  things  being  equal,  it  would  appear  from 
statistics  that  Avonien  bear  operations  somewhat  better  than 
men.    This  fact  may  be  explained  by  the  circumstance  that 
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tlioy  are  more  tolerant  of  confinonient  to  house  and  bed,  lead 
less  actiA^o  lives,  and  adapt  themselves  more  easily  to  the 
surroundings  of  an  operation  ward.  They  are  probably  more 
temperate  and  regular  in  their  lives,  and  owe  not  a  little  to  a 
certain  natural  determination  and  patience. 

It  is  well  not  to  operate,  unless  compelled,  during  menstrua- 
tion. In  perhaps  the  larger  number  of  instances  of  operations 
performed  during  this  period  no  ill  effects  are  noticeable ;  in 
the  minority  an  unaccountable  rise  of  temperature,  with  often 
considerable  nervous  and  digestive  disturbances,  are  met  with. 
In  more  than  one  instance  I  have  observed  somewhat  severe 
vomiting,  with  undue  abdominal  pain.  The  operation  may 
hasten  by  several  days  the  appearance  of  the  natural  menstrual 
period,  and  it  may  be  then  attended  by  imusual  symptoms  of 
excitement  and  of  general  irritation. 

Still  more  desirable  is  it  that  no  operation  should  be  per- 
formed during  pregnancy.  The  special  risk  incurred  in  such 
a  case  is  that  attending  abortion.  Apart  from  this  risk  there 
is  little  to  anticipate,  and  wounds  do  well.  Ovariotomy 
and  other  grave  abdominal  operations  have  been  performed 
during  the  various  stages  of  pregnancy  without  inducing 
abortion  and  without  evil  results.  It  appears  to  be  impossible 
to  estimate  the  possibility  of  miscarriage  after  any  surgical 
procedure. 

During  lactation,  also,  operations  should  be  avoided  Avhen 
possible;  the  patient  is  usually  m  comparatively  feeble 
health,  and  certainly  not  in  the  best  condition  for  a  serious 
call  upon  the  nutritive  powers.  Operations  performed  durmg 
lactation  have,  however,  done  well  enough,  with  the  emphatic 
exception  of  operations  upon  the  breast.  Fatal  haemorrhage 
has  in  more  than  one  recorded  case  followed  an  incision  made 
into  the  active  mamma. 

The  Robust  and  the  Feeble. — Experience  shows  that  the 
best  subject  for  an  operation  is  not  the  strong,  lusty  man  in 
the  prime  of  life.  He  may  have  inighty  limbs,  and  immense 
strength  and  endurance.  He  may  boast  that  he  has  never 
had  an  "ache  or  pain  in  his  life,  and  that  "he  can  stand 
anything."  He  may  lay  claim  to  the  possession  of  what  is 
popularly  known  as  "the  constitution  of  an  ox;"  but  the 
surgeon's  -  knife  is  at  least  one   thing  he  can  meet  but 
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indifferently.  He  will  probably  not  bear  an  anipiitation  so  well 
as  some  pale,  puny  individual  of  the  same  age,  who  is  feeble 
and  Avasted,  and  who  has  been  laid  up  for  months  with  disease 
of  a  joint. 

The  strong  man  has  his  mode  of  life  suddenly  inter- 
rupted. His  blood-vessels  are  full ;  his  viscera  have  adapted 
themselves  to  the  exigencies  of  an  active  life ;  his  tissue- 
changes  are  rapid  and  extensive,  oxygenation  is  quickly 
disposing  of  the  great  refuse  matter  which  is  continually 
accumulating  at  the  very  moment  when  the  tide  is  abruptly 
checked.  The  man  finds  himself  motionless  in  bed ;  every 
circumstance  of  his  hfe  is  changed ;  he  has  had  no  time  to 
adapt  himself  to  his  altered  position,  and  it  is  a  matter  of 
httle  wonder  that  the  inflammatory  process  which  has  been 
induced  runs  riot  and  is  not  readily  controlled.  Circum- 
stances are  not  improved  by  his  altered  mental  condition,  by 
the  shock  of  his  accident,  the  horror  of  the  mutilation,  the 
possible  miseries  of  the  future. 

The  subject  of  joint  disease  is,  on  the  other  hand,  ac- 
climatised to  bed-life ;  his  diet,  his  muscular  changes,  his 
breathing  powers,  have  all  adjusted  themselves  to  the  mol- 
luscous condition.  His  viscera  are  healthy,  there  is  no 
accumulation  of  debris  to  be  rid  of,  and  possibly  even  con- 
finement is  ceasing  to  be  irksome.  To  such  an  individual 
amputation  comes  as  a  rehef  He  has  been  wearied  of  con- 
tinued pain  and  inefficient  treatment,  and  the  change  that 
amputation  brings  in  his  hfe  is  agreeable,  and  opens  up  the 
prospects  of  a  new  existence.  It  rids  him  of  a  burden  that 
may  have  become  mtolerable.  The  amputation  wound  in 
such  a  man  may  have  healed  soundly  while  the  flaps  in  the 
case  of  the  robuster  patient  are  still  ununited  and  suppu- 
rating. 

The  great  difference  in  the  mortality  of  amputations  for 
injury  and  for  disease  serves  to  emphasise  this  point  (page 
315).  It  must  be  distinctly  understood,  however,  that  these 
differences  are  only  partly  due  to  the  patient's  condition. 
They  perhaps  as  largely  depend  upon  the  circumstances  of 
the  amputation,  which  must  of  necessity  be  uncertain  in 
operations  for  injury  where  it  is  difficult  to  ascertain  the  limit 
of  the  sound  tissues. 
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A  small  operation  upon  a  healthy  man — such  an  one  as 
will  but  little,  if  at  all,  interfere  with  his  daily  mode  of  life — 
may  be  expected  to  do  unusually  well ;  but  if  the  procedure 
be  more  extensive,  and  involve  absolute  confinement,  it  is  as 
well  that  the  patient  should  prepare  himself  by  a  few  days  in 
bed,  and  by  a  modified  diet.  The  preliminary  rest  of  a  week 
in  a  hospital  ward  before  an  operation  may  have  considerable 
effect  upon  the  issues  of  the  procedure  in  the  case  of  a 
labouring  man  fresh  from  his  work.  In  few,  if  any,  instances 
can  it  be  desirable  to  perform  an  operation  of  expediency  of 
any  magnitude  upon  a  patient  within  a  few  hours  of  admis- 
sion into  the  hospital. 

Obesity  and  Plethora. — The  very  corpulent  are  certainly 
not  good  subjects  for  operation.  In  some  of  them  operations 
do  quite  well.  These  will  probably  be  young  persons  in 
whom  the  disposition  to  corpulence  is  hereditary,  who  are  in 
sound  health,  and  take  every  reasonable  means  to  prevent 
increase  of  Aveight. 

All  obese  individuals  about  or  beyond  middle  life  are,  as  a 
rule,  bad  subjects  for  operations,  and  more  especially  the  men. 
The  excessive  corpulence  may  have  been  induced  by  gluttony 
or  drinking  habits,  or  have  been  encouraged  by  indolence  or 
disease.  These  patients  often  breathe  with  difficult}'',  and 
cannot  assume  the  entirely  recumbent  position.  They  soon 
become  helpless  ;  their  mere  bulk  renders  it  difficult  for  them 
to  be  moved  in  bed  and  for  dressings  to  be  applied ;  their 
skin  is  frequently  unwholesome,  and  they  are  not  readily  kept 
clean. 

The  mteguments  through  which  the  wound  is  made — in 
any  case  involving  a  surface  incision — are  thinned,  anaemic, 
and  flabby.  The  edges  of  the  wound  come  iU  together.  The 
immense  layer  of  subcutaneous  fat  is  indifferently  supplied 
with  blood,  and  has  probably  been  damaged  during  the 
operation.  Portions  of  this  tissue  have  been  broken  up  and 
isolated  from  a  blood  supply.  Indeed,  in  sponging  these 
Avounds  before  the  sutures  are  inserted,  a  quantity  of  such 
isolated  tissue  may  come  aAvay  Avith  the  sponge.  The  thick- 
ness of  the  parts  involves  much  strain  upon  the  sutures. 
If,  after  the  operation,  the  patient  incline  toAvards  the  aftected 
side,  the  Avhole  Avound  region  becomes  pendulous,  drainage 
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is  difficult,  and  the  application  of  pressure  in  the  dressing 
of  the  incision  is  almost  impossible.  Under  these  circum- 
stances, the  wound  is  very  apt  to  break  down,  sloughing 
is  not  uncommon,  deep-seated  suppuration  is  comparatively 
frequent.  A  low  type  of  inflammation  often  involves  the 
surrounding  skin ;  the  discharges  become  offensive  and  ill- 
conditioned.'  Such  patients  often  die  almost  suddenly; 
others  become  soon  exhausted,  or  succumb  to  an  inter- 
current disease.  The  most  favourable  make  but  a  tardy 
recovery. 

Plethora,  as  a  simple  condition,  does  not  compromise 
the  success  of  an  operation.  Indeed,  the  "  frill-blooded  "  pass 
through  a  surgical  experience  well  enough,  provided  that  the 
plethora  depend  upon  no  diseased  condition.  This  ruddy- 
cheeked,  clear-eyed,  and  firm-limbed  individual  must,  how- 
ever, be  distinguished  from  the  florid  and  bloated  counter- 
feit so  often  represented  by  a  brewer's  drayman  or  a  jovial 
innkeeper. 

Alcoholism. — A  scarcely  worse  subject  for  an  operation 
can  be  found  than  is  provided  by  the  habitual  drunkard. 

The  condition  contra-indicates  any  but  the  most  necessary 
and  urgent  procedures,  such  as  amputation  for  severe  crush, 
herniotomy,  and  the  like.  The  mortality  of  these  operations 
among  alcoholics  is,  it  is  needless  to  say,  enormous. 

Many  individuals  who  state  that  they  "do  not  drink," 
and  who,  although  perhaps  never  drunk,  are  yet  always 
taking  a  httle  stimulant  in  the  form  of  "  nips  "  and  an  "  occa- 
sional glass,"  are  often  as  bad  subjects  for  surgical  treatment 
as  are  the  acknowledged  drunkards. 

Of  the  secret  drinker  the  surgeon  has  to  be  indeed  aAvare. 
In  his  account  of  the  "Calamities  of  Surgery,"  Sir  James 
Paget  mentions  the  case  of  a  "  person  who  was  a  drunkard 
on  the  sly,  and  yet  not  so  much  on  the  sly  but  that  it 
was  well  knoAvn  to  his  more  intimate  friends.  His  habits 
were  not  asked  after,  and  one  of  his  fingers  was  removed 
because  joint  disease  had  spoiled  it.  He  died  in  a  week  or 
ten  days,  with  spreading  cellular  inflammation,  such  as  Avas 
far  from  unHkely  to  occur  in  an  habitual  drunkard." 

Even  abstinence  from  alcohol  for  a  week  or  two  before 
an  operation  does  not  seem  to  greatly  modify  the  result. 
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An  operation  performed  upon  an  habitual  or  occasional 
drunkard  is  apt  to  bo  followed  by  an  outburst  of  delirium 
tremens,  a  complication  that  brings  a  very  greatly  increased 
risk  to  a  patient  already  in  no  little  danger.  It  must  not  be 
assumed  that  an  operation  upon  a  subject  of  alcoholism  must 
of  necessity  turn  out  badl}^  The  evil  result  is,  hoAvever, 
sufKciently  frequent  to  justify  a  refusal  to  perform  any  but 
urgent  operations,  and  the  occasional  fact  that  grave  opera- 
tion wounds  in  heavy  drinkers  may  heal  kindly  and  Avell  is 
rather  an  illustration  of  good  fortune  than  of  surgical  success. 

Scrofula  and  Tuberculosis. — On  the  whole,  it  may  be 
said  that  scrofulous  patients  stand  operations  remarkably 
well,  and  this  especially  applies  to  scrofulous  children.  In 
a  large  proportion  of  the  cases,  the  operation  rids  the  patient 
of  a  long-abiding  trouble,  and  a  source  of  persistent  irritation 
and  Avcakness.  It  is  sometimes  surprising  to  note  how  a 
pale,  wasted,  cachectic-looking  child,  as  Avan  as  a  shadoAv,  Avill 
improve  and  gain  in  flesh  and  in  looks  almost  directly  after 
such  an  operation  as  amputation  of  the  leg  for  the  removal 
of  a  Avholly  carious  foot.  Some  of  the  best  examples — so  far 
as  speedy  recovery  is  concerned — of  amputation  at  the  hip- 
joint  have  been  met  Avith  among  strumous  children. 

It  must  be  assumed  that  in  these  and  in  other  cases  there 
is  freedom  from  serious  visceral  disease,  such  as  lardaceous 
degeneration  of  the  Hver. 

Operations  upon  the  strumous  are  remarkably  affected  by 
theu'  surroundings.  The  patient  requires  fresh  air  and  the 
most  favourable  hygienic  conditions.  Results  may  be  ob- 
tained at  the  seaside  Avhich  can  hardly  be  expected  in  the 
crowded  Avards  of  a  city  hospital.  In  any  case — and  especially 
Avhen  operating  in  large  tOAvns — the  after-treatment  of  the 
case  should  be  hastened  as  far  as  is  possible,  and  the  patient 
be  removed  from  bed  and  aUoAved  to  get  into  fresh  air  as 
soon  as  can  be  managed.  By  means  of  suitable  splints  or 
retentive  apparatus,  this  can  often  be  effected  at  quite  an 
early  period. 

The  operation  Avounds  in  these  patients  usually  do  Avell 
at  first — often  remarkably  Avell.  They  heal  up  in  large  part, 
then  the  healing  process  halts,  pus  is  found  to  be  formed  in 
the  depths  of  the  Avound,  a  sinus  is  apt  to  persist,  or  the 
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scar  remains  weak,  or  takes  on  the  character  of  a  stramoiis 
ulcer.  The  area  of  the  wound  is  occupied  by  a  sodden  con- 
nective tissue,  and  from  the  sinuses  that  exist,  or  from  be- 
neath the  undermined  skin,  a  gTcat  quantity  of  pale,  jelly-like 
granulation  tissue  can  be  scraped. 

Often  enough  this  disappointment,  in  what  seemed  at 
first  to  be  a  speedy  healing  by  first  intention,  is  due  to  an 
imperfect  removal  of  the  original  disease  ;  but  it  is  not  always 
the  case.  A  like  result  may  foUoAV  an  amputation  through 
healthy  parts. 

The  scrofulous  patient  has  little  power  of  sound  plastic 
repair.  Healing  may  be  rapid,  but  it  is  not  always  sub- 
stantial. The  scar  building  in  the  strumous  is  a  Httle  com- 
parable to  the  work  of  the  "jerry-builder."  As  Verneuil 
well  says,  operations  upon  the  scrofulous  abound  in  "half 
successes,  incomplete  results,  and  unfinished  cures." 

The  success  of  an  operation  upon  these  patients  _  must  be 
judged  three  months  after  its  performance. 

The  result  can  be  greatly  influenced  by  the  selection  of 
proper  cases,  by  the  complete  removal  of  every  atom  of  dis- 
eased tissue  in  the  operation  area,  by  taking  every  step  to 
secure  primary  healing  and  to  avoid  the  formation  of  a  sinus, 
and  by  placing  the  patient  at  as  early  a  period  as  possible  in  a 
fresh  atmosphere. 

In  hospital  practice  in  London,  it  is  most  unwise  to 
undertake  an  operation  of  any  magnitude  upon  a  strumous 
child  if  it  be  known  that  after  the  treatment  the  patient  Avill 
return  to  the  dingy  and  noisome  slum  from  which  he  came. 

Upon  striunous  subjects  of  middle  age,  operations  must  be 
undertaken  more  warily.  The  wounds  in  these  individuals, 
especially  when  they  involve  the  diseased  area,  often  do 
badly,  heal  but  indifferently,  and  are  apt  to  be  associated  with 
inflammatory  processes  of  the  lowest  type. 

I  have  pointed  out  elsewhere  ("Scrofula  and  its  Gland 
Diseases")  that  two  independent  scrofulous  manifestations 
seldom  exist  in  the  same  patient  at  the  same  time,  and  that 
upon  the  cure  of  one  strumous  affection  another  of  a  per- 
fectly different  character  may  appear.  This  sequence  has 
been  observed  as  Avell  after  cure  by  operation  as  after  cure 
by  natural  means ;  and  it  is  possible  that  in  some  cases  the 
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iinpairnient  of  the  health  incident  to  the  surgical  treatment 
has  been  favourable  to  the  development  of  the  fresh  mani- 
festation. 

The  occurrence,  however,  is  not  common  enough,  nor  is 
the  evil  exercised  by  the  operation  sufficiently  demonstrated, 
to  allow  these  occasional  calamities  to  influence  treatment, 
except  in  so  far  as  to  emphasise  the  fact  that  a  condition  of 
feeble  health  is  favourable  to  the  development  of  the  tuber- 
cular process. 

On  the  question  of  operations  upon  the  subjects  of 
pJdhisis,  Sir  James  Paget  writes  as  follows  : — "  The  fever  and 
other  accidents  that  may  follow  an  operation  may  do  special 
harm  to  a  tuberculous  patient.  .  .  .  The  fear  of  such  a 
calamity  should  dissuade  you  from  all  operations  of  mere 
convenience,  and  from  all  measures  of  what  may  be  called 
decorative  surgery,  in  phthisical  people ;  but  it  should  not 
always  dissuade  you  from  operations  that  will  cure  diseases 
from  which  they  suffer  much,  and  by  which  their  lives  are 
wasted,  as  they  are  by  fistula  and  diseases  of  bones  and 
joints.  In  these  and  the  like  cases,  the  main  question  is, 
whether  the  local  disease — say,  a  diseased  joint — is  weighing 
on  the  patient  so  heavily,  or  aggravating  his  phthisis  and 
shortening  his  life  so  much,  as  to  justify  an  operation 
attended  with  more  than  the  average  risk  of  life  and  health. 

"  In  all  cases  of  acute  or  progressive  phthisis,  great  risk  is 
incurred  by  almost  every  operation.  The  risks  of  the  ex- 
citement of  many  days  of  feverish  disturbance,  and  of  loss 
of  food,  and  of  pain,  and  all  such  consequences  of  operations, 
are  much  above  the  average ;  to  say  nothing  of  the  special 
chances  of  exciting  some  pneumonia.  I  cannot  doubt  that 
I  have  seen  patients  whose  acute  phthisis  has  become 
more  acute,  and  others  in  whom  the  early  stages  of 
phthisis  were  accelerated  by  the  consequences  of  operations. 
Therefore,  I  should  follow  the  rule  of  never  performing  any 
considerable  operation,  if  I  could  help  it,  on  any  person  whose 
phthisis  is  in  quick  progress. 

"  The  case  is  very  different  with  chronic  or  suspended 
phthisis.  In  these  it  is  often  advisable  to  incur  the  somewhat 
increased  risk  of  even  a  large  operation,  in  order  to  free  the 
patient  from  the  distress  and  wasting  of  a  considerable  local 
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disease,  such  as  that  of  a  jomt ;  and  I  should  bo  disposed  to 
say  that  it  is  always  advisable  to  cure,  if  you  can,  a  small 
disease,  such  as  a  fistula.  I  say  if  you  can,  for  you  will  often 
be  disappointed.  In  the  tuberculous,  as  in  the  strumous, 
3^our  wounds  will  remain  for  weeks  unhealed,  and  perhaps 
be  unsoundly  healed  at  last.  Still,  as  to  the  mere  question 
of  operating,  I  have  seen  so  many  advantages  accrue  to 
patients  with  chronic  phthisis  from  the  removal  of  limbs 
with  joint  disease,  that  I  am  disposed  to  speak  strongly  as 
to  the  general  propriety  of  whatever  operations  they  may 
reasonably  require." 

Syphilis. — In  the  great  majority  of  cases,  syphilis  does 
not  injuriously  alfect  the  course  of  an  operation,  and  is  no 
bar  to  such  a  measure.  If  the  patient  be  rendered  cachectic, 
or  be  the  subject  of  visceral  disease,  he  is  placed  in  the  same 
unfavourable  category  with  those  who  are  similarly  affected 
from  other  causes.  Wounds  made  during  the  progress  of 
secondary  syphilis  more  often  heal  well  than  show  any  evil 
tendency;  occasionally  they  become  the  seat  of  a  transient 
syphilitic  manifestation,  and  heal  indifferently,  or  break  down 
after  a  speedy  closure.  Such  an  event  may  occur  without 
the  appearance  of  any  distinct  syphilitic  change  in  the  part. 
The  same  may  be  said  of  operations  performed  late  in 
syphilis,  or  many  years  after  its  occurrence.  They  usually 
do  well.  In  the  minority  of  the  cases,  however,  primary 
healing  is  not  secured,  or  the  wound  heals,  and  breaks  down 
again,  or  remains  open,  and  becomes  the  seat  of  a  dull,  persist- 
ing suppuration,  or  of  an  ulcer  possessed  of  specific  characters. 
This,  perhaps,  more  often  happens  when  the  incision  involves 
tissues  which  have  been  previously  damaged  by  syphilitic 
disease.  Thus  it  comes  to  pass  that  plastic  operations  not  in- 
frequently fail  in  syphilitic  persons,  especially  when  performed 
for  the  relief  of  deformities  produced  by  some  destructive 
manifestation  of  the  disease.  Such  operations  should  not  be 
lightly  undertaken  nor  carried  out  until  every  means,  both 
by  general  and  specific  treatment,  has  been  taken  to  place 
the  patient  in  the  best  condition  of  health. 

Rheumatism  and  Gout  have  practically  no  effect  upon  the 
immediate  future  of  an  operation.  The  wound  heals  kindly 
and  well.    It  is  unnecessary  to  say  that  an  operation  should, 
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if  possible,  not  be  performed  during  an  outbreak  of  either  of 
these  conditions.  It  must  be  remembered,  also,  that  any  of 
the  sequelos  of  gout  or  rheumatism  may  complicate  the  issues 
of  an  operation.  Such  are  the  cardiac  changes  so  often 
attendant  upon  the  former  disease,  and  the  degenerations  of 
the  kidneys  and  other  viscera  which  are  apt  in  course  of 
time  to  follow  upon  the  latter. 

An  operation  not  infrequently  determines  an  attack  of 
gout,  but  such  attack  usually  has  no  noteworthy  effect  upon 
the  progress  of  the  wound.  Verneuil  remarks  that  gout 
sometimes  manifests  itself  at  the  site  of  injury  by  fluxions, 
with  acute  pains,  which  simulate  frank  inflannnation,  and 
which,  although  of  only  a  temporary  character,  may  suspend 
or  retard  the  healing  process. 

Cancer  does  not  render  a  patient  a  bad  subject  for  opera- 
tion. The  result  of  the  operation  may  be  modified  by  other 
conditions,  such  as  the  age  and  temperament  of  the  subject, 
and  the  presence  of  visceral  disease.  Cancer,  as  such,  appears 
to  exercise  no  effect  upon  the  healing  process.  Indeed,  opera- 
tions for  the  removal  of  maUgnant  growths  in  old  and  broken- 
down  individuals  often  do  remarkably  well. 

Anaemia,  especially  when  due  to  loss  of  blood,  has  no 
special  effect  upon  a  surgical  wound.  The  healing  may  be 
slow ;  the  patient  is  perhaps  rendered,  unduly  liable  to  the 
more  serious  complications  which  follow  upon  wounds,  and 
has  little  power  to  meet  such  misfortunes.  It  is  most  import- 
ant that  before  an  operation  of  expediency  be  performed,  the 
anaemic  condition  should  be  dealt  with  by  proper  treat- 
ment. 

Leucocyth8em.ia  has  a  most  disastrous  influence  upon 
operation  wounds.  Splenectomy,  although  performed  many 
times  in  the  subjects  of  leucocythremia,  has  been  followed  by 
one  uniform  result — all  the  patients  have  died. 

Serious,  if  not  fatal,  results  have  followed  in  less  grave 
procedures,  and  in  the  leucocythfemic  person  even  a  trivial 
operation  is  dangerous.  They  stand  in  great  peril  of -hcBnior- 
rhage,  and  become  the  ready  subjects  of  low  forms  of  inflam- 
mation, of  cellulitis,  and  allied  conditions. 

Hsemophilia  forbids  a  surgical  operation  of  any  but  the 
most  pressing-  kind.    If  the  operation  proposed  be  urgent  and 
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required  to  save  life,  and  if  the  risk  involved  by  the  disease 
or  injury  be  clearly  greater  than  that  which  may  attend  a 
wound  in  a  "  bleeder,"  it  is  obvious  that  the  operation  should 
be  carried  out.  Thus,  an  incision  for  the  relief  of.  stran- 
gulated hernia,  after  every  form  of  treatment  has  been  tried, 
is  justifiable.  The  subjects  of  haemophilia  do  not  always 
bleed  desperately  after  a  wound ;  perhaps  the  most  certain 
haemorrhage  will  occur  after  an  operation  upon  the  mouth. 
Still,  a  member  of  a  "  bleeder  family,"  who  has  nearly  bled  to 
death  from  a  slight  accidental  cut  of  the  lip,  may  undergo  an 
amputation  of  the  foot  with  no  more  than  the  usual  loss  of 
blood. 

Scurvy  must  stand,  so  far  as  operations  are  concerned,  in 
the  same  position  as  haemophilia.  Apart  from  the  risk  of 
haemorrhage  which  follows  an  operation  performed  during  an 
attack  of  scurvy,  there  are  the  further  dangers  attending  a 
wound  which  does  not  heal,  which  ulcerates  and  leads  to 
interminable  suppuration. 

Malaria. — The  complex  associations  of  malaria  and  injury 
are  very  clearly  dealt  with  by  Verneuil  in  the  following  pas- 
sages:— "Malaria  may  give  rise,  at  the  site  of  injury,  to  various 
complications,  such  as  haemorrhage,  neuralgia,  erysipelas,  and 
spasms,  complications  which  assume  an  intermittent  type, 
and  which  yield  to  the  employment  of  quinine. 

"  The  influence  of  the  poison  is,  however,  not  always 
shown  by  periodical  disturbances.  Certain  wounds  may  as- 
sume a  bad  appearance,  or,  at  least,  remain  stationary,  until, 
the  cause  being  suspected,  quinine,  which  acts  like  a  charm, 
is  administered.  It  is  especially  in  cases  of  malarial  cachexia 
that  are  observed  that  slowness  and  insufficiency  of  repair, 
which  end  in  serious  diffuse  inflammations,  or  even  in  gan- 
grene, and  which  are  not  always  subdued  by  antiperiodic 
remedies. 

"  The  operation  may  occur  under  one  of  the  following  cir- 
cumstances : — 

"  1.  In  a  patient  actually  affected  by  intermittent  fever. 
In  this  case  the  wound,  especially  if  it  be  followed  by  haemor- 
rhage, rapidly  and  markedly  aggravates  the  disease. 

"  2.  In  a  patient  who  has  previously  been  the  subject 
of  ague,  but  who  appears  to  have  entirely  recovered.  The 
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wound,  even  when  slight,  may  induce  a  fresh  onset  of  ague ; 
although  the  recovery  from  the  last  attack  of  fever  was  five, 
ten,  fifteen,  or  even  more  years  ago.  On  the  other  hand,  the 
wound  itself  may  become  the  seat  of  some  local  intermittent 
complications,  the  patient  being  free  from  the  usual  mani- 
festations of  the  disease. 

"  3.  In  a  patient  who  has  never  had  intermittent  fever, 
who  is  living  in  a  healthy  country,  but  who  has  formerly 
resided  in  a  malarial  district.  The  wound  in  such  cases  may 
apparently  give  rise  to  intermittent  fever  or  to  intermittent 
complications.  It  is  clear  that  the  injury,  not  being  able 
of  itself  to  produce  a  true  intoxication,  has  merely  provoked 
the  explosion  of  a  hitherto  latent  disease.  These  latter  cases 
are  not  very  rare,  and  are  especially  observed  in  large  cities 
and  in  the  healthiest  regions." 

Acute  Diseases,  Erysipelas,  and  Inflammation. — It  is 
needless  to  say  that  no  operation,  except  such  as  is  so  urgent 
as  to  be  necessary  to  save  life,  should  be  performed  during  the 
progress  of  any  acute  disease,  such  as  pneumonia,  an  eruptive 
fever,  and  the  like. 

The  same  may  be  said  of  erysipelas.  Incisions  have  to 
be  made  in  the  course  of  that  disease  to  relieve  tension  and 
to  evacuate  pus,  but  they  cannot  rank  as  operative  measures. 
If  an  amputation  is  rendered  necessary  in  a  subject  of  ery- 
sipelas, the  less  danger  would  attend  the  postponement  of  the 
operation  until  the  acute  period  of  the  fever  had  passed. 

It  is  most  important  to  avoid,  when  possible,  any  opera- 
tion upon  inflamed  parts.  This  applies  as  well  to  so  small 
an  operation  as  the  removal  of  a  pile  as  to  the  excision  of  a 
large  tumour.  With  operations  in  the  present  sense  are  not 
classed  such  surgical  measures  as  are  employed  for  the 
relief  of  inflammation. 

Sir  James  Paget  gives  a  striking  example  of  departure 
from  this  rule.  "A  man  came  to  me,"  he  writes,  "in 
the  out-patient's  room,  with  a  cyst  on  the  front  of  his  ab- 
domen, acutely  inflamed.  I  removed  it  at  once.  Three  or 
four  days  afterwards  he  was  admitted  with  inflammation  of 
the  cellular  tissue  and  infiltration  of  putrid  matter  under  the 
skin ;  and  that  was  followed  by  phlebitis,  and  that  byi!pyfemia, 
and  that  by  death." 
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It  may  be  here  remarked,  also,  that  a  good  and  fine 
cicatrix  cannot  be  expected  if  the  margins  of  the  wound  are 
formed  of  tissues  which  were  inflamed  when  the  incision  was 
made.  This  is  Avell  iUustrated  by^operations  upon  the  neck 
for  gland  disease,  in  which  it  is  a  point  that  the  resulting  scar 
should  be  as  insignificant  as  possible. 

AfiFections  of  the  Nervous  System. — The  mental  state  of  a 
healthy  patient,  as  expressed  by  the  terms  "  nervous,"  "  neur- 
otic," "  excitable,"  "  apathetic,"  has  little  definite  effect  upon 
the  result  of  an  operation.  The  very  nervous  individual,  who 
approaches  the  operation  with  bated  breath,  who  discusses  it 
with  a  fluttering  vivacity,  and  is  haunted  by  exaggerated  fore- 
bodings, usually  does  well  enough.  After  the  operation  is 
over,  her  imagination  probably  enters  upon  a  new  field ;  she 
conceives  and  prophesies  a  speedy  recovery,  and  often  as- 
sumes the  role  of  the  unusually  hopeful  and  courageous 
patient. 

The  least  favourable  frame  of  mind  is  that  marked 
by  gloom  and  utter  apathy,  and  by  a  morbid,  stoical  indif- 
ference, difficult  to  dispose  of.  It  is  illustrated  by  the  dull- 
faced  woman,  whose  conversation  smacks  of  "Meditations 
among  the  Tombs  ; "  and  by  the  sullen  man,  who  meets  a 
cheery  account  of  the  hopeful  prospects  of  his  operation  by 
the  remark  that  "  he  is  ready  to  go." 

Possibly  the  most  favourable  nerve  conditions  are  met 
with  among  healthy  young  men,  who  sleep  well,  take  whatever 
happens  as  a  matter  of  course,  make  few  inquiries,  and  meet 
all  circumstances  in  the  spirit  of  Mark  Tapley. 

Operations  upon  hystericnl  or  epile]ytic  patients  are  apt  to 
be  complicated  in  their  after-treatment  by  outbreaks  of  the 
nerve  affection.  While  attacks  of  both  hysteria  and  epilepsy 
are  clearly  often  induced  by  an  operation,  on  the  other  hand 
a  precisely  opposite  effect  may  follow  the  surgical  measure. 

The  insane  bear  operations  unusually  well,  provided  that 
certain  conditions  are  present.  They  must  be  in  sound 
health,  and  amenable  to  treatment,  and  of  cleanly  habits. 
The  regular  life  of  an  asylum  is  conducive  to  a  state  of 
health  very  well  adapted  to  meet  the  strain  of  an  operation ; 
and  the  absence  of  mental  anxiety  in  the  patient  is  another 
favourable  feature.  In  many  subjects  of  chronic  mania,  of 
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melancholia,  and  of  dementia,  the  general  health  is  quite 
broken  down,  and,  as  a  consequence,  they  become  unfit  sub- 
jects for  any  operative  treatment.  In  those  of  the  insane,  also, 
who  are  violent,  restless,  mischievous,  or  of  very  dirty  habits, 
the  success  of  the  operation  may  be  so  far  frustrated  by  the 
patient  that  its  performance  becomes  a  matter  of  question. 

In  not  a  few  instances,  insanity  appears  to  have  been 
induced  by  operation.  The  patients  are  mostly  women,  and 
the  operation,  for  the  most  part,  one  concerning  the  breast 
or  pelvic  organs.  The  occurrence  of  this  unfortunate  circum- 
stance is  neither  frequent  enough  nor  sufficiently  well  defined 
to  influence  a  surgeon  in  the  performance  of  a  necessary 
operation. 

It  is  needless  to  point  out  that  operations  performed  upon 
paralysed  limbs  or  upon  the  lower  extremities  of  the  subjects 
of  locomotor  ataxia  can  scarcely  be  expected  to  turn  out  well. 
The  gloomiest  forebodings  are  often  not  realised,  but  on  such 
individuals  operations  should  not  be  performed  except  on 
compulsion. 

Diabetes  offers  an  almost  positive  bar  to  any  kind  of 
operation.  A  wound  in  a  diabetic  subject  will  probably  not 
.heal,  while  the  tissues  appear  to  offer  the  most  favourable 
soil  for  the  development  of  putrefactive  bacteria.  The  wound 
gapes,  becomes  foul,  suppurates,  and  sloughs.  Gangrene  very 
readily  follows  an  injury  in  diabetics,  and  they  show  a  ter- 
rible proneness  to  a  low  form  of  erysipelas  and  of  spreading 
cellulitis.  Diabetic  gangrene  of  a  limb  is  scarcely  within  the 
scope  of  surgical  measures.  An  amputation  in  such  a  con- 
dition is  almost  invariably  fatal. 

Even  when  the  diabetes  has  been  actively  treated,  and  the 
patient's  condition  has  much  improved,  an  operation  is  still 
almost  as  unpromising.  After  the  injury  the  amount  of 
sugar  in  the  urine  increases  again,  and  the  result  of  months  of 
careful  treatment  is  rendered  of  little  avail. 

Visceral  Disease. — 1.  Heart  Disease  and  Atheroma. — In 
the  matter  of  heart  affections,  it  may  be  said  that  the  patient 
whose  heart  is  feeble,  or  fatty,  or  embarrassed  by  valvular 
disease,  is  exposed  to  extraordinary  risk  from  the  shock  of  an 
operation,  but  apart  fi-om  this,  heart  disease,  if  it  has  induced 
no  widespreading  tissue  change,  appears  to  add  little  to  the 
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danger  of  the  undertaking.  On  the  other  hand,  as  Verneuil 
points  out,  valvular  lesions  and  degeneration  of  the  muscular 
tissue  of  the  heart  may,  by  changing  the  conditions  of  the 
entire  circulation,  modify  the  composition  of  the  blood,  cause 
impairment  of  the  viscera,  alter  the  tissues,  and  bring  about 
a  condition  very  unfavourable  to  the  healing  process.  Such 
patients  show  a  disposition  to  passive  htemorrhages — difficult 
to  check,  together  with  oedema  of  the  wounded  region — to 
patches  of  erythema,  to  erysipelas,  and  even  to  gangrene. 
There  is  a  local  atony  which  indefinitely  delays  healing  and 
converts  the  wound  into  an  ulcer. 

Operations  are  often  performed  upon  limbs  the  arteries  of 
which  are  affected  by  atheroma.  It  is  surprising  how  well 
ligatures  maintain  a  hold  upon  such  vessels,  and  how  well 
they  remain  closed.  The  risk  that  would  appear  to  be  most 
pressing,  that  of  secondary  haemorrhage,  is  in  actual  practice 
seldom  encountered.  That  woimds  in  such  patients  are  more 
liable  to  secondary  bleedings  than  are  wounds  involving  parts 
supphed  by  normal  arteries  is  true,  but  the  occurrence  is  not 
frequent.  The  real  risks  in  these  cases  are  from  gangrene, 
from  slougliing  of  the  flaps  of  an  amputation,  or  the  breaking 
doAvn  of  the  simplest  incision,  and  from  diffuse  inflammations 
of  a  low  type. 

2.  L'lmg  Disease. — The  relation  of  phthisis  to  the  results 
of  an  operation  has  been  already  considered.  Any  chronic 
lung  aft'ection,  such  as  chronic  bronchitis,  usually  indicates 
impaired  health,  and  offers  difficulties  in  the  after-treatment 
on  account  of  the  embarrassed  breathing,  the  disturbance 
of  parts  produced  by  coughing,  and  the  imperfect  oxygenation 
of  the  blood.  Operations  on  such  individuals  can  hardly  be 
expected  to  follow  a  quite  even  course. 

3.  Affections  of  tJie  Alimentary  Canal. — In  the  matter 
of  affections  of  the  alimentary  canal  there  is  little  to  be  said. 
The  effect  that  any  disease  of  the  stomach  or  intestines  may 
have  upon  an  operation  is  to  be  measured  by  the  effect  it 
has  upon  the  general  health.  The  subject  of  chronic 
dyspepsia  can  hardly  be  well  nourished,  and  the  subject 
of  habitual  constipation  is  burdened  with  a  trouble  which 
an  operation  serves  to  complicate.  It  is  unnecessary  to  state 
that  an  operation  of  any  kind  should  be  avoided  during  the 
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course  of  diarrhoea  or  dysentery,  and  should  not  be  undertaken 
until  the  patient  has  well  recovered  from  the  trouble. 

4.  Diseases  of  the  Liver. — Attections  of  the  liver  -have  a 
very  injurious  influence  upon  operations ;  an  influence  which 
is  peculiar  and  pronounced,  and  a  fi-equent  cause  of  death  in 
surgical  wards. 

Even  the  slighter  forms  of  hepatic  trouble  serve  to 
compromise  the  future  of  an  oj^eration.  "You  should  be 
cautious,"  writes  Sir  James  Paget,  "in  operations  upon  those 
whose  biliary  secretions  are  habitually  unhealthy ;  those  who 
have  been  often  jaundiced  ;  or  those  who  bear  that  sallow, 
dusky  complexion,  with  dry  skin,  and  dilated  small  blood- 
vessels of  the  face,  and  sallow,  blood-shot  conjunctiva,  which 
commonly  tells  of  Avhat  is  supposed  to  be  an  '  inactive  liver.' 
Many  of  this  last  class  are  not  temperate ;  many  are  sedentary 
and  indolent ;  many  suffer  habitually  from  haemorrhoids ; 
probably  all  have  some  abdominal  plethora ;  j^robably,  in  all, 
their  digestive  organs  act  as  ill  as  their  skins  do.  But,  what- 
ever we  may  guess  to  be  the  special  defect  of  these  organs, 
you  need  not  doubt  that  operations  upon  those  who  have 
them  are  attended  with  more  than  the  average  risk;  and  that 
when  you  are  obliged  to  operate,  you  must  do  so  with  more 
than  ordinary  care  and  caution." 

The  more  defined  diseases  of  the  hver  have  a  definite 
ill  effect  upon  surgical  wounds.  These  are  cirrhosis  of  the 
liver  and  the  conditions  of  fatty  or  amyloid  degeneration. 
Advanced  forms  of  these  affections  offer  an  almost  absolute 
bar  to  operation.  Operations  performed  in  the  earlier  stages 
of  the  disease  will  certainly  be  injuriously  affected.  The  sub- 
ject of  cirrhosis  is  probably  a  drunkard;  the  subject  of 
amyloid  degeneration,  the  victim  of  long-continued  suppura- 
tion. 

The  risks  these  patients  run  are  numerous :  some  succumb 
to  shock,  others  die  of  exhaustion.  In  all  there  is  a 
great  risk  of  secondary  ha3morrhage,  and  a  probability  that 
the  wound  will  not  heal,  but  that  it  will  slough  and  sup- 
purate, and  become  the  seat  of  spreading  inflammation  of  a 
low  type.  Pyaemia  is,  or  was,  unduly  common  in  these 
patients. 

No  question  is  more  difficult  to  decide  than  that  which 
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concerns  the  period  in  the  progress  of  larclaceoiis  disease 
of  the  Uver  beyond  which  it  is  practically  unjustifiable  to 
operate. 

In  the  advanced  stages  of  the  disease  a  serious  operation  is 
certainly  not  justifiable.  In  the  earlier  periods,  an  operation, 
such  as  an  amputation,  may  be  performed  with  ultimate 
admirable  success,  for  it  not  only  rids  the  patient  of  his 
trouble — probably  a  suppurating  joint,  with  adjacent  necrosed 
bone — but  it  removes  the  cause  of  the  visceral  complica- 
tion. 

5.  Kidney  Disease. — It  may  be  safely  said  that  the  results 
of  operations  are  more  powerfully  influenced  by  diseases  of  the 
kidneys  than  by  a  corresponding  disease  of  any  other  organ. 
An  operation  upon  the  subject  of  Bright's  disease,  or  of  sur- 
gical kidney,  is  a  desperate  matter.  A  patient  may  look  fairly 
healthy,  may  appear  well  nourished,  may  be  temperate  and 
hving  a  most  regular  life,  and  the  operation  may  be  but  a 
trifling  one,  yet  the  complication  of  albuminuria  renders  the 
surgical  procedure  one  of  the  most  serious  and  the  most 
hazardous.  Many  an  elderly  man  has  died  almost  sud- 
denly from  the  eft'ects  of  rough  catheterisation,  and  it  has 
been  found  after  death  that  he  was  the  subject  of  an  unsus- 
pected pyelitis. 

Quite  slight  operations,  of  no  urgency,  such  as  that  for 
the  rehef  of  Dupuytren's  contraction  of  the  palmar  fascia, 
have  placed  the  subjects  of  Bright's  disease  in  great  danger 
of  death. 

In  no  case  should  an  operation  on  an  adult  be  under- 
taken without  a  preliminary  examination  of  the  urine. 

Before  performing  an  abdominal  operation,  it  should  be  a 
matter  of  routine  that  the  urine  be  examined  daily  for  not 
less  than  one  week.  Almost  every  surgeon  must  have  met 
with  instances  in  which  the  neglect  of  this  precaution  has 
led  to  calamitous  results. 

It  is  impossible  to  define  the  particular  power  for  evil 
each  individual  affection  of  the  kidney  has  upon  a  surgeon's 
work.  It  is  sufficient  to  know  that  the  existence  of  pus  or 
albumen  in  the  urine  places  a  patient  within  the  very  nar- 
rowest sphere  of  operative  possibilities.  It  is  true  that  in 
some  instances — as  in  a  form  of  albuminuria  met  with  in 
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connection  with  large  abdominal  tumours — the  existence  of 
the  albiunen  is  no  bar  to  an  operation ;  it  is  true,  also,  that 
patients  Avith  Bright's  disease  have  now  and  then  recovered 
admirably  from  large  operations.  The  fact  remains  that 
organic  disease  of  the  kidney  is  one  of  the  most  serious 
complications  with  which  the  operator  can  be  concerned. 

The  subjects  of  kidney  disease  exhibit  nearly  the  same 
evil  tendencies  after  operation  as  have  been  alluded  to  in 
dealing  with  hepatic  troubles.  They  are  exposed  to  the 
additional  risk  of  death  from  suppression  of  urine  and  uraemia. 
Such  patients  often  die  of  exhaustion  many  days,  or  even 
a  Aveek  or  more,  after  the  operation.  They  are  especially 
prone  to  all  the  evils  incident  to  wounds.  Primary  healing 
can  never  be  depended  upon. 

A  plastic  operation  is  unjustifiable  in  a  subject  of  kidney 
disease ;  the  operation  wound  is  liable  to  break  down,  to 
suppurate,  and  be  the  seat  of  secondary  hemorrhage,  of 
erysipelas,  of  a  foul  cellulitis,  and  of  gangrene.  When 
p}'!omia  was  connnon  in  hospital  wards,  the  subject  of 
kidney  disease  became  its  readiest  victim.  Surgeons  have 
learnt  how  to  ward  off  pytemia,  but  they  have  yet  to  learn 
how  to  meet  the  terrible  complication  of  Bright's  disease. 

2. — THE    PREPARATION    OF   THE  PATIENT. 

The  Period  before  the  Operation. — It  will  be  evident,  from 
what  has  been  already  written,  that  the  most  thorough 
examination  possible  of  the  patient  should  be  made  before 
an  operation  is  undertaken. 

To  carry  this  out,  it  is  well  that  the  individual  should  be 
under  observation  for  some  little  time  before  he  appears  in 
the  operating  room. 

In  the  case  of  those  who  have  been  long  confined  to  bed, 
it  is  obvious  that  the  sooner  they  are  relieved  the  better. 

On  the  other  hand,  in  the  matter  of  operations  of  ex- 
pediency upon  patients  who  may  be  termed  healthy,  it  is 
well  that  they  should  pass  through  a  period  of  rest  before 
the  operation  is  performed.  Operations  hurriedly  undertaken 
are  often  perilous,  and  arc  not  infrequently  regretted.  It  has 
boon  already  pointed  out  (page  G)  that  the  condition  of 
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active,  robust  health  is  not  the  best  adapted  to  meet  the 
circumstances  of  surgery. 

In  hospital  practice  it  is  never  wise  to  operate  upon  a 
man  who  comes  straight  to  the  wards  from  some  active 
out-door  work,  who  is  robust,  and  has  been  living  heartily, 
and  who  has  still  the  vigorous  throb  of  exercise  in  his 
blood  and  in  his  limbs.  To  perform  upon  such  a  patient 
such  an  operation  as  that  involved  in  the  radical  cure  of 
hernia,  is  to  expose  him  to  needless  and  reckless  risk.  The 
practice  is  frequent,  for  the  operation  has  been  previously 
arranged,  and  the  man  does  not  want  to  lose  even  a  few 
hours'  work. 

Such  a  patient  is  placed  in  an  infinitely  better  condition 
by  a  few  days'  rest  in  a  hospital  ward.  He  here  becomes 
accustomed  to  his  surroundings ;  he  has  time  to  be  rid  of 
the  refuse  matter  in  his  tissues,  which  can  no  longer  be 
cast  off  by  muscular  exertion  ;  his  hearty  appetite  is  enabled 
to  adapt  itself  to  his  present  requirements ;  the  excreta  can 
be  dealt  with ;  and  time  is  allowed  (and  it  is  needed  in  some 
hospital  patients)  to  make  clean  the  skin. 

To  all  the  organs,  to  the  still  strongly-beating  heart,  and 
to  the  over-worked  muscles,  there  is  allowed  a  period  of  re- 
pose. When  the  operation  day  arrives,  the  patient  has 
become  acclimatised,  strict  confinement  to  bed  and  a  limited 
diet  do  not  involve  so  very  sudden  a  change,  he  has  adjusted 
himself  to  his  new  environment,  and  the  ordeal  is  met  after 
a  period  of  physiological  rest. 

The  same  appHes  equally  to  surgery  in  private  life.  Many 
a  surgeon  has  regretted  an  operation,  performed  on  the  spur 
of  the  moment,  in  his  own  consulting  room,  and  the  patient 
has  hved  to  place  a  peculiar  construction  upon  the  operator's 
definition  of  a  "  mere  trifle  "  or  a  "  mere  prick." 

Many  small  operations  would  do  infinitely  better'  if  the 
patient  would  consent  to  the  preliminary  of  a  few  days'  rest. 
This  is  conspicuous  often  in  operations  upon  piles,  when  the 
subject  persists  in  absorbing  hunself  with  his  work  up  to  the 
time  of  the  operation.  Often  a  business  man  will  overwork 
himself  desperately  before  his  operation  in  order  that  his 
affairs  might  not  suffer  in  his  absence. 

What  is  worth  doing  at  all  is  Avorth  doing  well,  and  not  a 
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few  operations,  the  performance  and  recovery  from  which 
have  to  be  compressed  within  a  few  hurried  days,  had  better 
not  have  been  performed  at  all. 

Diet. — The  practice  of  starving  a  patient  before  an  opera- 
tion is  undoubtedly  unAvise.  The  amount  of  the  food  should 
be  suited  to  the  condition  of  an  individual  ^vh.o  is  inert  and 
within  doors.  It  should  be  nutritious,  but  small  in  bulk,  and 
not  of  a  character  to  leave  much  cUhris  in  the  intestine. 
Entire  abstinence  from  alcohol  for  a  week  or  more  before  an 
operation  might  prove  very  judicious  in  not  a  few  instances. 
The  patient  who  "  keeps  himself  up "  by  spirits  before  an 
operation  is  preparing  for  himself  a  soro  down-going  after  the 
event  is  over. 

The  Bowels. — The  bowels  should  be  well  opened  on  the 
eve  of  the  operation ;  and  this  is  best  effected  by  an  aperient 
overnight  and  an  enema  in  the  morning. 

Cleanliness. — Care  should  be  taken  that  the  patient's  body 
is  clean.  A  warm  bath  on  the  night  before  the  operation 
is  desirable  whenever  possible,  and  a  source  of  comfort  to  the 
patient. 

The  part  to  be  operated  upon  should  be  especially 
cleansed.  The  skin  should  be  well  rubbed,  or  even  scrubbed, 
with  soap  and  water,  and  may  be  afterwards  more  thoroughly 
purified  by  being  covered  for  some  hours  with  a  towel  soaked 
in  carbolic  lotion. 

The  shaving  off  of  the  axillary  or  pubic  hair — when  an 
operation  concerns  those  regions — might  be  postponed  until 
the  patient  is  being  ansesthetised. 

Clothing.— The  body  should  be  well  and  warmly  clad 
during  an  operation.  Not  a  httle  of  the  shock  that  often 
follows  a  long  operation  may  be  due  to  the  fact  that  the 
patient  has  been  lying  nearly  naked  upon  a  table,  for  an  hour 
or  more,  possibly  in  a  cold  room,  and  exposed  to  the  further 
chilling  action  of  wet  appUcations.  This  precaution  applies 
especially  to  old  persons  and  to  the  winter  time.  So  long  as 
the  part  to  be  dealt  with  is  well  exposed,  the  rest  of  the  body 
cannot  be  too  well  protected,  and  liberal  use  should  be  made 
of  blankets,  warm  woollen  stockings,  woollen  jerseys,  jackets, 
and  the  like. 

The  night-dress  to  be  worn  after  the  operation  should  be 
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divided  down  the  back,  so  that  it  may  be  removed  without 
distm-bing  the  j)atient.  The  form  of  flannel  jacket  called  by 
nurses  a  "  nightingale "  is  very  useful,  especially  for  patients 
Avho  can  sit  up  in  bed. 

In  the  case  of  women  with  long  hair,  the  various  coils 
and  twists  should  be  undone,  the  whole  hair  parted  behind 
in  the  median  line  and  disposed  of  in  two  simple  lateral 
plaits.  The  hair  is  thus  kejot  out  of  the  way — should  the 
operation  concern  the  head  and  neck — and  after  the  operation 
the  head  can  rest  comfortably  upon  the  natural  scalp,  and 
not  upon  a  complicated  mound  of  wisps  of  hair,  hair-pins, 
and  other  foreign  substances. 

The  Hour  for  the  Operation. — The  most  convenient  time 
for  an  operation  is  the  early  morning,  say  between  eight  and 
ten  a.m.  As  the  patient  should  have  no  food  for  five  hours 
before  he  is  antesthetised,  this  appointment  involves  the  omis- 
sion of  no  meal  but  breakfast.  If  he  has  slept  weU,  there  is 
little  time  between  his  sleep  and  the  surgeon's  coming  in 
Avhich  to  ruminate  and  to  foster  an  alarm.  Should  any 
serious  complication  occur  within  a  few  hours  of  the  opera- 
tion, it  wiU  be  daylight,  and  prompt  assistance  will  probably 
be  at  hand. 

The  above  observations  apply  to  the  preparing  of  a  patient 
for  an  operation  of  some  magnitude.  They  apply  in  propor- 
tionate degree  to  procedures  of  lesser  gravity.  For  certain 
measures  special  preparations  have  to  be  made.  These  are 
described  in  the  sections  which  deal  with  them. 


26 


CHAPTER  11. 

The  Operator. 

The  surgeon,  according  to  the  oft-quoted  axiom  of  Celsus, 
should  be  young.  By  this  it  is  to  be  inferred  that  he  should 
be  possessed  of  the  muscular  strength,  the  courage,  the  sure- 
ness  of  hand  and  the  keenness  of  eye,  which  are  assumed  to 
be  the  qualities  of  youth. 

Operative  surgery  is  a  handicraft,  and  the  accomplished 
operator  must  lay  claim  to  be  considered  a  skilled  handi- 
craftsman. Like  other  and  simpler  handicrafts,  much  in  the 
attainment  of  success  depends  upon  natural  aptitude  and 
physical  qualification ;  but  still  more  depends  upon  culture 
and  j)^tient  practice.  A  well-matured  and  Avell-balanced 
judgment  guides  the  hand  of  him  who  shows  most  skill ;  he 
may  do  well  Avho  is  bold,  but  he  Avill  do  better  who  has  pre- 
cise knowledge.  The  surest  sense  of  confidence  rests  Avith  the 
operator  who  knows  accurately  Avhat  he  mtends  to  do,  and 
how  to  do  it.  The  least  success  follows  the  hand  of  the  man 
who  retains  throughout  an  operation  a  speculative  spirit, 
who  depends  largely  upon  his  imagination  for  conditions, 
and  upon  the  fortune  of  events  for  results.  A  shakiness  of 
the  hand  may  be  some  bar  to  the  success  of  an  operation,  but 
he  of  a  shaky  mind  is  hopeless.  In  the  handhng  of  a  sharp 
instrument  in  connection  with  the  human  body  a  confusion 
of  the  intellect  is  worse  than  chorea. 

The  actual  manipulative  part  of  surgery  requires  no  very 
great  skill,  and  many  an  artisan  shows  infinitely  more  adept- 
ness  in  his  daily  work.  A  wood  engraver  would  probably 
soon  find  as  little  difficulty  in  baring  the  carotid  artery  as  a 
stone  carver  would  find  in  performing  osteotomy. 

It  is  in  the  mental  processes  involved  in  an  operation 
that  not  a  few  fail.  There  is  some  lack  in  the  precision,  the 
strained  attention,  the  art  to  meet  any  possibilit}^  and  the 
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capacity  for  forming  a  ready  judgment,  which  must  follow 
each  movement  of  the  surgeon's  knife. 

Some  of  the  most  incredible  examples  of  surgical  blun- 
dering, such  as  the  fashioning  of  flaps  in  such  a  way  as  to 
amputate  the  trunk  from  the  limb,  and  the  opening  of  the 
stomach  in  mistake  for  the  colon  in  performing  lumbar 
colotomy,  are  calamities  due  to  mental  rather  than  to  physical 
defects. 

The  mere  handicraftsmanship  of  surgery  depends,  as  has 
been  already  said,  not  only  upon  natural  physical  endow- 
ments, but  also  upon  careful  practice  and  education.  Some 
men  are  born  with  steady,  dexterous  fingers  and  precise  and 
quick-moving  muscles;  others  overcome,  with  more  or  less 
success,  a  congenital  and  obstinate  clumsiness. 

Every  pains  should  be  taken  to  cultivate  what  may  be 
termed  a  surgical  hand.  A  shaky  hand  may  be  born  with 
its  possessor,  and  may  remain  unaffected  by  any  attempts  to 
amend  it.  This  important  defect  may  also  be  developed  by 
irregular  modes  of  living,  by  the  moderate  use  of  alcohol,  and 
by  smoking.  The  effect  of  tobacco  is  obvious  enough  in 
most  instances,  although  its  influence  may  be  very  transient. 

The  full  use  of  the  larger  muscles  as  developed  by  vigorous 
athletic  exercises  adds  distinctly  to  the  steadiness  of  the 
hand,  and  of  his  general  muscular  development  an  operator 
should  be  most  careful.  Athletic  exercises,  involving  the  upper 
limbs,  such  as  fencing,  rowing,  and  practice  in  a  gymnasium, 
certainly  render  the  hand  for  some  hours  after  such  exercise 
unsteady,  although  after  a  longer  period  of  rest  precision  in  the 
action  of  the  smaller  muscles  is  with  equal  certainty  improved 
In  connection  with  this  point,  it  is  needless  to  say  that  violent 
exertion  on  the  part  of  the  operator  is  not  Avise  immediately 
before  an  operation.  A  surgeon  who  is  careful  of  the  mamier 
in  which  his  scalpel  is  held  should  not  carry  a  heavy  bag  to 
the  scene  of  his  labours,  nor  should  he  take  part  in  such 
muscular  exertions  as  are  needed  to  move  operating  tables 
or  beds,  or  to  lift  a  heavy  patient.  The  vigorous  efforts 
which  may  be  necessar}^  to  restrain  the  violence  of  a  patient 
under  chloroform  are  apt  to  render  the  arms  of  those  so 
engaged  very  trenuilous. 

The  action  of  the  palmar  muscles  can  be  very  admirably 
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developed  by  such  occupations  for  a  leisure  hour  as  etching 
on  copper,  sketching,  or  wood  carving. 

A  knowledge  of  anatomy  is  essential  to  the  operating 
surgeon.  Such  knowledge  as  is  needed,  however,  is  not  to 
be  obtained  from  books  alone,  or  even  from  books  in  pre- 
ponderating degree.  It  must  be  such  "anatomy"  as  is  to 
be  acquired  by  long  work  in  the  dissecting-room,  and  it  may 
not  be  too  much  to  say  that  he  who  would  deliberately  adopt 
the  career  of  an  operating  surgeon  should  have  served  for 
some  years  the  dreary  apprenticeship  involved  by  the  duties 
of  a  demonstrator  of  anatomy. 

Such  work  teaches,  not  only  the  position  and  relation  of 
parts,  but  it,  and  it  alone,  can  instil  into  the  mind  and  the 
fingers  a  proper  appreciation  of  tissues,  and  the  Imowledge 
of  what  may  be  termed  the  anatomy  of  the  individual.  A 
surgeon  may  know  well  the  origin,  insertion,  and  relations  of 
the  parietal  muscles  of  the  abdomen,  but  he  who  has  dis- 
sected and  demonstrated  the  lumbar  region  in  "  subjects  "  of 
all  kinds,  many  times  over,  has  also  a  knowledge  of  the 
depth,  the  thickness,  the  appearance,  and  the  disposition  of 
the  tissues,  not  as  they  lie  in  an  abstract  body,  but  as  they 
may  be  expected  to  be  found  in  individuals  of  different  types. 

Moreover,  the  work  of  dissection  affords  the  most  ex- 
cellent training  in  the  handier aftsmanship  of  the  future 
operator. 

Precision  of  knowledge,  precision  in  judgment,  precision  of 
hand,  are  all  needed  in  a  surgical  operation.  They  are  the 
foundation  of  the  coolness  and  the  sang-froid  with  which  a 
surgeon  is  presumed  to  be  possessed,  and  it  is  to  their  absence 
that  can  usually  be  ascribed  that  condition  of  mind  knoAvn 
as  "  surgical  delirium." 

He  who  is  about  to  undertake  an  operation  should  Imow 
precisely  Avhat  he  intends  to  do,  and  should  then  proceed 
to  do  it.  He  should  have  estimated  probabilities,  and  be 
quite  aware  of  his  mode  of  dealing  with  them. 

The  individual  who  plunges  into  an  operation  with  an 
uncertainty  he  would  condemn  in  the  pursuit  of  an  ordinary 
business  undertaking,  and  who  discards  anatomical  precision 
for  the  old  maxim  "  cut  and  tie,"  is  likely  to  reap  the  reward 
of  his  labours. 
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The  surgeon's  precision  should  apply  to  every  detail  of 
the  operation  and  its  surroundings.  He  should  select  and 
arrange  and  examine  his  instruments  with  the  greatest  care ; 
should  consider  himself  responsible  for  the  minutest  detail  in 
the  needed  arrangements ;  and  should  have  a  proper  respect 
for  the  magnitude  of  small  things. 

The  introduction  of  anresthetics  has  very  greatly  altered 
the  circumstances  of  operative  surgery,  as  it  has  transformed 
the  surroundings  of  the  operation  table. 

It  is  no  longer  a  point  of  primary  importance  that  a  stone 
should  be  extracted  in  a  few  seconds,  or  a  limb  removed  in  a 
Umited  number  of  minutes.  A  pupil  with  a  watch  in  his 
hand  no  longer  stands  beside  the  struggling  and  shrieking 
patient  to  take  "  the  time."  The  days  of  the  so-called 
"  brilliant "  surgeon  are  over.  Brilliancy,  as  now  associated 
with  operations,  will  probably  concern  the  reckless  mani- 
pulations of  an  irresponsible  hand,  or  the  fortunate  thrusts 
of  the  overbold.  It  belongs  to  the  surgical  "  free  lance,"  and 
is  associated  with  many  happy  results,  and  with  many  more 
which  are  lamentable. 

The  operating  theatre  of  a  large  hospital,  and  the  presence 
of  an  audience  of  enthusiastic  and  marvel-loving  students, 
offer  a  great  temptation  for  the  display  of  theatrical  effect, 
and  encourage  a  disregard  for  other  than  immediate  results. 

The  time  is  even  now  not  long  past  when  a  surgeon 
would  "whip  off"  a  leg  or  remove  a  stone  with  something  of 
the  fever  and  eclat  of  a  conjurer  who  draws  an  unexpected 
rabbit  from  his  sleeve. 

The  assistants  at  an  oj^eration  have  an  exceedmgly  im- 
portant office  to  fill,  and  their  capacity  for  their  work  must 
necessarily  vary.  It  is  a  part  of  an  operator's  duty  to  see  that 
each  assistant  is  fully  informed  of  what  he  has  to  do,  and, 
if  possible,  of  the  manner  of  his  doing  it.  An  unsuccessful 
operation  is  often  attended  by  much  abuse  of  the  assistants, 
and  by  very  severe  criticisms  of  their  manipulative  powers. 
Such  condemnation  may  be  just,  or  may  only  serve  to  illus- 
trate the  proverb  that  "a  bad  workman  complains  of  his 
tools."  It  is  during  the  most  perplexing  stages  of  an  opera- 
tion, and  when  things  are  going  ill,  that  the  indifferent 
operator  finds  that  knives  will  not  cut,  that  forceps  will  not 
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hold,  and  that  the  ckimsiness  of  assistants  is  beyond  the 
hraits  of  human  beUef. 

In  the  matter  of  dreas,  the  operator  should  be  "  in  his 
shirt-sleeves,"  with  his  arms  bare,  and  clothed  from  his  collar 
to  his  feet  in  a  simple  macintosh  apron.  The  practice  of 
wearing  an  ancient  and  discarded  frock-coat,  which  repeated 
operations  have  rendered  stiff  with  blood,  is  not  consistent 
with  the  rudiments  of  antiseptic  surgery.  If  the  surgeon 
nmst  wear  a  coat,  let  it  be  an  entirely  new  one. 

Sleeves  of  macintosh,  or  of  any  other  material,  are  ob- 
jectionable, clumsy,  and  in  the  way. 


* 
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CHAPTER  III. 

The  Operating-Room. 

The  Room. — Of  the  operating  theatres  and  operatmg 
wards  of  hospitals'  it  is  not  necessary  to  speak.  It  must  be 
assumed  that  they  have  been  constructed  upon  an  accepted 
plan,  and  are  equipped  to  the  satisfaction  of  those  who  are 
responsible  for  the  treatment  carried  out  in  them. 

On  the  other  hand,  no  little  care  has  to  be  exercised  in 
selecting  and  preparing  a  room  in  a  private  house  for  an 
operation  of  importance. 

It  is,  in  the  first  place,  essential  that  the  house  be  in  a 
perfectly  sanitary  condition,  and  as  it  appears  to.  be  an  article 
of  the  householder's  faith  that  the  hygienic  state  of  his  or  her 
premises  is  exceptionally  perfect,  it  is  well  that  the  building 
should  be  examined  by  a  skilled  person  without  the  re- 
sidential bias. 

On  the  night  before  the  operation  the  patient  should  sleep 
in  a  room  other  than  that  in  which  the  operation  is  to  be 
performed.  The  operating-room  can  then  be  prepared  at 
leisure,  and  without  the  patient's  direct  knowledge.  It  is  in 
this  room  that  the  patient  should  remain  during  the  after- 
treatment.  A  second  bed  vnll  probably  be  required  for  a 
nurse.  As  Mr.  Doran  well  puts  it,  "  the  apartment,  speaking 
in  general  terms,  should  be  large  enough  for  two  people  to 
live  and  sleep  in  for  several  weeks,  according  to  current 
authorities  in  hygiene." 

The  room  should  be  made  as  nearly  like  a  hospital  ward 
as  possible.  The  carpet  and  all  unnecessary  hangings  and 
curtains  should  be  removed.  It  should  be  bared  of  all  but 
absolutely  essential  furniture.  The  walls  should  be  brushed 
down  and  the  floor  scrubbed,  and  the  room  may  be  well  ven- 
tilated on  the  previous  day  by  open  windows  and  a  large  fire. 

The  practice  of  allowing  a  carbolic  spray  to  be  at  Avork 
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in  the  room  for  some  hours  before  the  operation  is  commend- 
able, especially  in  the  crowded  houses  of  a  large  town. 

The  room  should  be  quiet,  light,  and  Avell  ventilated,  and  is 
pleasanter  if  its  windows  look  towards  the  south.  It  should  not 
be  near  a  water-closet.  An  open  fireplace  is  most  desirable, 
and  the  less  gas  burnt  in  the  room  the  better.  It  should  be 
ascertained  that  the  windows  open  readily.  The  table  should 
stand  upon  a  square  of  drugget,  for  a  carpetless  polished  floor 
is  apt  to  be  dangerously  slippery. 

The  temperature  of  the  room  during  and  after  the  opera- 
tion should  be  kept  at  about  60°  to  65°,  and  should  not  be 
allowed  to  fluctuate. 

The  Patient's  Bed. — The  patient's  bed  should  be  a  narrow, 
simple,  iron  bedstead,  with  a  woven  spring  body,  upon  which 
is  placed  a  horsehair  mattress.  There  should  be  no  rail  on 
either  side,  and  but  a  low  one  at  the  head  or  foot.  The  bed 
should  be  so  located  in  the  room  that  the  patient  will  be 
accessible  from  all  sides,  and  the  wound  be  dressed  with  ease. 

It  is  usually  most  convenient  that  the  bed  should  stand 
in  the  centre  of  the  room — probably  in  the  place  occupied  by 
the  operating  table — and  be  so  arranged  that  the  head  is 
towards  the  light,  that  is  to  say,  as  the  individual  lies  in  bed 
the  liofht  Avill  be  behind  him. 

A  bed  in  a  corner  is  always  inconvenient,  and  may  in  a 
case  of  sudden  secondary  haemorrhage  be  a  source  of  danger, 
the  patient  being  accessible  from  one  side  only. 

To  allow  a  heavy  patient,  after  a  serious  operation,  to 
return  to  a  large  wide  bedstead,  covered  by  a  voluminous 
feather  mattress,  into  the  centre  of  which  the  helpless  in- 
dividual sinks,  is  to  place  him  in  a  position  of  some  peril. 

After  many  operations  a  bed-cradle  will  be  required.  In 
some  cases  a  "  bed  pulley  "  may  be  conveniently  aflixed  to  the 
joist  of  the  ceiling  over  the  head  of  the  patient's  bed. 

Accessories. — The  other  accessories  are  a  large  table  for 
the  basins  and  one  or  more  small  and  light  tables  for  the 
instruments.  The  instrument  table  should  be  on  wheels,  so  as 
to  be  readily  moved  when  required.  A  large  vessel  in  which  to 
first  rinse  the  sponges  as  they  are  handed  back,  soaked  with 
blood,  etc.,  to  the  nurse,  is  desirable,  and  for  this  a  china  foot- 
bath answers  admirably.     Receptacles  are  needed  for  the 
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dirty  water,  and  possibly  for  such  evacuations  as  ascitic  fluid 
or  the  contents  of  an  ovarian  cyst. 

A  Hberal  supply  of  hot  water  should  be  at  hand,  and  a 
suitable  provision  of  pillows,  towels,  and  macintosh  sheets, 
together  with  the  usual  nursing  accessories.  In  Mr.  Mayo 
Kobson's  valuable  httle  book,  "  A  Guide  to  the  Instruments 
and  Appliances  required  in  Various  Operations,"  is  a  detailed 
list  of  the  articles  actually  needed  both  in  the  operating-room 
and  the  patient's  bed-room.  Another  valuable  pamphlet  is 
Dr.  Keen's  on  "  The  Organization  of  an  Operation." 

The  Operating  Table. — The  table  employed  should  be 
simple,  strong,  and  steady.  It  is  essential  that  it  should  be 
narroAv,  and  of  a  height  convenient  to  the  individual  operating. 
A  table  -with  the  following  measurements  will  be  found  con- 
venient :  length,  5  to  6  feet ;  width,  2  feet ;  height,  33  inches.  It 
should  be  covered  by  either  a  thin,  firm  horsehair  mattress, 
or  by  a  large  and  neatly-folded  blanket.  The  latter  is  the 
more  convenient  in  operations  performed  in  private  houses. 

The  plan  of  having  two  small  tables  placed  in  the  form 
of  the  letter  T  is  decidedly  inconvenient.  It  should  be  re- 
membered that  the  table  may  need  to  be  moved  during  the 
operation.  For  example,  in  the  removal  of  the  tongue,  with 
preliminary  ligation  of  the  lingual  arteries  in  the  neck,  it  is 
not  often  that  the  table  can  be  so  placed  that  the  light  falls 
equally  well  upon  both  sides  of  the  neck.  As  a  good  light  is 
very  essential  for  this  procedure,  the  table  may  have  to  be 
placed  in  one  position  while  the  left  artery  is  being  secured^ 
and  in  another  when  the  right  is  dealt  with.  A  slender,  un- 
steady table  may  prove  a  source  of  actual  danger.  I  have 
seen  a  table  give  Avay  entirely  Avhile  the  struggles  of  the 
patient  were  being  restrained  during  the  early  stages  of 
ansesthetisation. 

The  crazy  contrivances  and  makeshifts  which  the  patient's 
friends  sometimes  consider  to  be  ingenious  substitutes  for  a 
proper  table  are  to  be  distinctly  avoided.  I  have  a  recol- 
lection of  one  altar-like  construction,  made  of  four  boxes  and 
a  small  chest  of  drawers,  upon  which  was  recumbent  a  heavy 
man,  prepared  for  an  excision  of  a  part  of  the  lower  jaw. 

The  best  operating  table  with  which  I  am  acquainted  is 
that  designed  by  Professor  William  Rose,  of  King's  College, 
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and  iiiamifactiired  Ly  Roskilly.  It  is  in  use  at  many  of 
the  metropolitan  hospitals.  It  is  strong,  but  light,  and  is 
in  every  way  remarkably  convenient. 

The  table  is  very  steady,  but  by  the  action  of  a  simple 
lever  is  at  once  raised  upon  wheels,  and  can  then  be  moved 
about  readily  while  the  j3atient  is  lying  upon  it. 

The  head  and  shoulders  can  be  raised  to  any  angle  by  a 
simple  screw  mechanism.  By  another  contrivance,  the  in- 
clination of  the  whole  trunk  can  be  altered  in  a  moment.  By 
an  equally  convenient  apparatus,  both  lower  limbs  can  be 
flexed  at  the  knee  and  hip  joints.  The  "leg  pieces"  of  the 
table  can  be  placed  at  any  angle,  or  can  be  removed,  as  Avould 
be  necessary  in  amputation  of  the  loAver  limb.  ^\Tiile  the 
patient  is  in  the  lithotomy  position,  the  buttocks  can  be 
elevated  or  lowered  as  required,  and  Avith  the  utmost 
readiness. 

Although  capable  of  manifold  adjustments,  the  table 
cannot  be  said  to  be  complicated,  and  so  far  as  strength  is 
concerned  it  has  well  stood  the  test  of  time. 

The  Arrangement  of  the  Tables,  etc. — The  operatmg  table 
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should  be  placed  in  the  best  attainable  light,  and,  in  the 
ease  of  most  operations,  with  the  patient's  feet  towards  the 
windows.  If  there  be  two  Aviiidows  near  together  in  the  same 
wall  of  the  room,  the  table  may  be  so  placed  as  to  be  at  right 
angles  to  the  wall,  and  to  have  its  foot  opposite  the  space 
between  the  two  sources  of  light.  There  should  be  sufficient 
room  on  all  sides  of  the  table  to  allow  an  individual  to  pass 
freely. 

The  general  disposal  of  the  tables,  and  of  the  surgeon  and 
his  assistants,  is  illustrated  in  the  diagram  (Fig.  1),  which 
may  be  considered  to  relate  to  such  an  operation  as  the 
radical  cure  of  hernia  or  the  removal  of  a  tumour  from  the 
thigh. 

The  anesthetist  stands  at  the  head  of  the  table,  and  the 
operator  on  the  patient's  right.  Close  to  the  surgeon's  right 
hand  is  a  light  table  for  the  necessary  instruments. 

A  larger  table  for  accessory  and  spare  instruments,  and 
for  such  apparatus  as  the  thermo-cautery,  etc.,  may  be  placed 
at  a  distance  behind  the  operator. 

The  chief  assistant  stands  on  the  left  side  of  the  table, 
opposite  the  surgeon.  It  is  by  this  assistant  that  the 
sponging  is  done  and  the  hfemorrhage  attended  to. 

Behind  this  assistant,  and  entirely  to  the  left,  is  a  large 
table  for  the  basins  needed  for  the  sponges,  and  for  receivers, 
jars  of  lotion,  etc.,  and  at  this  table  the  two  nurses  are  placed. 

A  smaller  table  may  stand  close  to  the  larger  one  to  take 
the  dressings  necessary  for  the  case. 

A  second  assistant  may  place  himself  to  the  operator's  left 
and  upon  the  right-hand  side  of  the  operating  table. 
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CHAPTER  IV. 

The  Instruments  and  Accessories. 

The  operator  should  attend  personally  to  the  selection  and 
care  of  all  instruments,  and  to  the  minutest  matters  which 
concern  them. 

They  should  be  in  perfect  condition,  and  above  all  things 
clean.  dissecting  forceps  and  pressure  forceps  are  often 
found  with  the  teeth  clogged  with  the  blood  from  the  last 
operation,  or  with  the  greasy  black  compound  with  which 
they  have  been  last  cleaned  at  the  instrument-maker's. 
Trocars,  directors,  and  probes  need  very  careful  cleaning, 
and,  although  the  blade  of  a  knife  may  be  brilliant,  its  rough 
handle  may  be  filthy. 

An  opportimity  is  sometimes  aftbrded  of  inspecting  the 
instruments  in  a  little-used  pocket  case,  and  their  condition  is 
occasionally  open  to  unpleasant  criticism. 

Ingenious  instruments  which  fold  up  into  a  small  compass, 
or  which  combme  many  functions,  are  usually  to  be  avoided. 

In  the  selection  of  instruments,  each  manipulator  must 
exercise  his  own  taste,  and  found  his  choice  upon  his  habit 
of  hand.  It  is  improbable  that  twenty  men  would  select  the 
same  pen  or  pen-holder  out  of  a  collection  of  twenty  samples, 
but  they  might  all  write  equally  well. 

There  is  no  doubt  but  that  the  fewer  the  implements  to 
which  a  surgeon  accustoms  himself,  and  the  simpler  they  are, 
the  better.  As  has  been  already  said,  the  surgeon's  work  is 
a  handicraft.  He  should  depend  more  upon  his  fingers  than 
upon  his  tool.  He  who  is  really  expert  with  one  instrument 
has  an  advantage  over  him  who  is  indifferently  familiar  Avith 
many. 

The  best  work  is  done  with  the  simplest  implements.  A 
surgeon  who  is  dependent  upon  a  special  instrument  for  this 
and  a  special  instrument  for  that,  is  a  poor  handicraftsman. 
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He  is  servilely  subject  to  liis  special  forceps  and  his  particular 
knives  and  needles  for  a  particular  operation.  An  intending 
subject  for  operation  may  well  measure  the  depth  of  his  sigh, 
at  the  sight  of  the  surgeon,  by  the  size  of  the  operator's  in- 
strument bag. 

Some  of  the  least  progressive  periods  in  the  development 
of  the  surgeon's  art  have  been  marked  by  the  prolific  pro- 
duction of  instruments.  With  few  exceptions,  complex 
apparatus  and  appliances  which  are  credited  with  being 
ingenious,  or  labour-saving,  or  automatic,  are  bad. 

A  great  multitude  of  the  instruments  which  figure  in  the 
makers'  catalogues  are  evidences  of  incompetence,  and  of  a 
lack  of  dexterity  which  prevented  the  inventor  from  making 
full  use  of  his  hands. 

On  turning  over  the  pages  of  such  catalogues,  one  is 
struck  by  the  circumstance  that  among  the  very  numerous 
names  of  designers  of  instruments  there  are  but  very  few 
belonging  to  surgeons  Avho  are  or  have  been  eminent  as  first- 
class  operators.  It  is  true,  moreover,  that  among  what  may 
be  termed  modern  new  instruments,  the  chief  of  those  which 
have  come  into  immediate  and  general  use  are  accredited  to 
famous  operators.  With  such  may  be  named  the  bone  forceps 
and  lion  forceps  of  Fergusson,  Listen's  amputating  knives, 
Syme's  knives,  and  the  ovarian  trocar  and  pressure  forceps 
of  Sir  Spencer  Wells. 

A  great  deal  can  be  done  in  operative  surgery  with  a 
scalpel  and  a  pair  of  dissecting  forceps,  and  indeed  there  is 
but  comparatively  little  that  cannot  in  some  way  be  accom- 
plished with  those  instruments. 

A  brief  notice  is  here  given  of  the  simplest,  most  general, 
and  most  essential  instruments.  Jhe  special  instruments  are 
considered  in  the  chapters  dealing  with  the  procedures  with 
which  they  are  concerned. 

The  Scalpel  should  be  light,  and  should  have  a  handle  of 
good  length,  which  should  be  thin  and  quite  smooth. 

A  length  of  four  inches  for  the  handle,  and  a  width  of 
from  three-eighths  to  half  an  inch,  are  convenient.  A  shorter 
handle  does  not  rest  properly  in  the  hand  ;  it  is  like  a  too 
short  pen-holder  or  paint-brush.  A  longer  handle  is  un- 
necessary. 
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The  breadth  and  Avidth  of  the  handle  may  possibly  vaiy 
a  little  with  the  size  of  the  blade,  but  the  length  should  not 
vary.  A  scalpel  with  a  small  and  very  fine  blade  does  not 
need  a  handle  proportionately  reduced.  Indeed,  the  most 
excellent  small  scalpels  are  those  which  had  originally  blades 
of  good  size,  but  which  have  been  reduced  to  slender  and 
short  proportions  by  repeated  grinding.  Although  small  in 
the  blade,  they  still  retain  the  original  handle. 

The  blade  should  be  what  instrument-makers  call "  middle- 
pointed  " — i.e.,  the  point  should  lie  on  the  long  axis  of  the 
steel  (Fig.  2  a). 

A  "  back-pointed  "  blade  is  not  well  suited  for  the  scalpel. 
It  answers  for  larger  knives,  which  arc  broad  in  the  blade,  and 
are  required  to  make  large  and  free  incisions  ;  for  example, 
the  handiest  form  of  post-mortem  knife  and  of  cartilage  knife 
is  back-pointed. 

Very  fine  scalpels  are  a  grievous  delusion.  If  a  beginner 
is  about  to  undertake  an  operation  involving  a  "fine"  dis- 
section, he  will  probably  seek  a  knife  with  a  very  fine  point. 
Such  a  knife  is  depicted  in  Fig.  2  b,  and  is  copied  from  a 
catalogue  of  instruments.  It  is  a  useless  tool ;  it  is,  indeed,  a 
needle,  not  a  knife.  A  surgeon  who  once  attempts  to  per- 
form a  fine  plastic  operation  with  such  an  instrument  will 
probably  discard  the  knife  for  ever. 


Fig.  2. — (a)  good  SCALPKL  ;  (b)  bad  scalpel.    (From  a  modern  catalogue 

of  instruments.) 

A  small  scalpel,  with  a  good  blade  and  a  "  middle  point," 
and  with  such  an  outline  as  is  depicted  in  Fig.  2  a,  is  the  best 
instrument  for  the  finest  work  the  operator  can  be  called 
upon  to  perform.  The  very  fine  back-pointed  knife  will 
scratch,  but  it  will  not  cut. 
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The  back  of  a  scalpel  should  be  blunt  up  to  the  very 
point.  Double-edged  knives  are  purposeless — in  any  ordinar}' 
operation — and  the  surgeon's  lingers  are  apt  to  be  cut  by 
them. 

The  ordinary  forms  of  bistoury  have  handles  somewhat 
more  substantial  than  those  of  scalpels,  and  they  are  con- 
venient if  a  little  roughened,  but  the  length  of  the  handle 
need  not  be  much  in  excess  of  that  of  the  scalpel. 

A  straight  probe-pointed  bistoury,  with  a  blade  two  and 
a  half  inches  in  length,  is  the  most  useful  instrument  of  the 
class. 

Dissecting  Forceps  should  have  a  good  spring,  should  be 


Fig.  3. — STOUT  DISSECTING  FORCEPS. 


short,  and  should  not  be  too  narrow  at  the  points.  Four  and 
a  quarter  inches  is  a  very  convenient  length.  Dissecting  for- 
ceps are  not  uncommonly  too  Ughtly  and  too  frailly  made  to 
be  serviceable.  The  strength  of  the  spring  must  depend  upon 
individual  taste.  For  all  ordinary  purposes  a  good  broad 
point  is  desirable ;  it  enables  the  surgeon  to  obtain  a  firm 
grasp  of  the  tissues,  and  at  the  same  time  does  not  prevent  a 
very  small  fragment  of  tissue  from  being  picked  up  (Fig.  3). 


Fig.  4. — SPKNCER  WKLLS'S  ARTERY  FORCEPS. 
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Artery  Forceps.— The  pressure  forceps  of  Sir  Spencer 
Wells  are  simply  invaluable,  and  have  proved  to  be  one  of 
the  most  important  recent  additions  to  the  surgeon's  arma- 
mentarium. 

The  best  instruments  are  those  of  the  original  pattern 
(Fig.  4),  and  there  is  little  or  nothing  to  be  said  in  favour  of 
the  various  "modifications"  and  "  improved  forms." 

Of  the  different  varieties  of  artery  forceps,  the  best  is  that 
Imown  as  Wakley's  (Fig.  5).     They  pick  up  the  vessel 


Fig.  .5. —wakley's  auteky  fohcki'h. 


cleanly,  retain  a  good  hold,  and  render  the  application  of 
the  ligature  efficient  and  easy. 

For  twisting  an  artery  no  especial  apparatus  is  required. 
Wells's  pressure  forceps  form  the  simplest  torsion  forceps,  and 
may  take  the  place  of  many  of  the  complicated  instruments 
known  by  the  latter  name. 

Retractors. — An  assistant's  fingers  form,  in  a  large  pro- 
portion of  all  operations,  the  best  retractors. 

In  certain  operations,  and  especially  in  the  case  of  deep 
wounds,  some  special  means  of  retracting  the  soft  parts  or 
the  skin  is  required. 

In  a  following  section  is  described  (page  55)  the  method 
of  retracting  the  skin  in  many  small  operations — such  as  the 
removal  of  a  superficial  tumour  or  the  radical  cure  of  varicocele 
by  means  of  ligatures.  This  method  leaves  the  area  of  the 
operation  wound  quite  free. 

To  draw  special  tissues  aside,  such  as  a  tendon,  a  nerve, 
or  a  vein,  blunt  hooks  answer  admirably.  They  take  up  little 
room,  and  encroach  but  little  upon  the  area  of  the  operation. 
They  should  be  long  enough  and  large  enough  for  the  pur- 
pose, and  be  firmly  secured  in  handles. 

As  simple  wound  retractors,  the  handiest  and  the  most 
efficient  are  those  of  Farabeuf  (Fig.  7),  Avhich  are  made  in 
many  sizes.    The  little  turn  at  the  end  of  the  metal  gives 
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them  an  excellent  hold  of  the  tissues.    A  very  convenient 


Fig.  6.— far.vbeuf's  modification  of  langenbeck's  eetkactok. 


instrument  also  is  Farabeuf's  moditi cation  of  Langenbeck's 
retractor,  shown  in  Fig.  6. 


Fig.  7.— fauabedf's  retractok. 

These  are  excellent  substitutes  for  the  broad  copper 
spatulfe  and  retractors  of  less  recent  times,  which  bent  when 
exposed  to  much  strain,  and  slipped  unless  that  strain  was 
kept  up. 

Needles.— The  best  suture  needle  is  a  perfectly  straight 
one,  of  a  length  adapted  to  the  case  in  hand,  and  "  triangular- 
pointed  "  (Fig.  8  a).  Straight,  "  lancet-pointed  "  needles  arc 
much  used,  but  they  are  not  so  serviceable  as  those  first 
named. 

For  special  operations  special  needles  are  required,  such 
as  in  suturing  intestine  and  in  operations  for  cleft  palate  and 
certain  fistulte,  but  for  all  ordinary  suture  purposes  the  best 
instrument  is  the  straight  needle. 

Many  surgical  needles  need  only  to  be  mentioned  to  be 
strongly  condemned.  These  are  the  large-curved  needles 
and  the  half-curved  needles  Avhich  are  found  in  most 
pocket  cases,  and  which  are  currently  supposed  to  be  used 
for  sewing  up  wounds  of  the  scalp  (Fig.  8  b).  If  any 
operator  acquires  perfect  control  over  these  unreasonably- 
shaped  needles  they  may  possibly  be  of  service.  I  have 
observed  a  half-curved  needle  to  be  introduced  at  one  spot 
and  its  point  to  emerge  at  another  at  some  distance  from  the 
intended  aperture.     The  surprised  operator  has  withdrawn 
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it,  and  on  making  another  attempt,  the  needle  point  has  again 
emerged  at  a  remote  and  unexpected  locality. 

Hagedorn's  needles  are  excellent.  They  are  flat,  easily 
penetrate  the  skin,  and  make  a  small  and  clean  wound. 
This  wound  takes  the  form  of  a  narrow  slit  at  riijht  anjfles 


Fig.  8.— (a)  fjTRAIGHT  TRIANaULAU-POINTED  SUTURE  NEEDLE  ;    (b)  HALF- 
CURVED  SUTURE  NEEDLE. 


to  the  line  of  the  incision  to  be  closed  by  suture,  and  the 
thread,  if  drawn  quite  tight,  cannot  greatly  enlarge  the  needle 
puncture.  It  must  be  confessed  that  the  comparative  value  of 
this  needle  has  been  exaggerated  by  its  inventor,  and  that  the 
evils  it  is  supposed  to  avoid  are  not  either  so  real  or  so  serious 
as  they  have  been  painted. 

Hagedorn's  diagram  representing  the  terrible  gaping  and 
rending  of  the  needle  puncture  when  the  line  of  the  puncture 
is  parallel  to  the  line  of  the  operation  wound,  depicts  a  con- 
dition that  I  have  never  met  with  in  real  Hfe.  This  needle  is 
of  service  in  conditions  where  a  straight  needle  is  less  easily 
introduced.  It  forms  an  excellent  intestinal  needle:  it  is 
useful  in  suturing  parts  which  are  placed  at  some  depth  in  a 
cavity,  it  is  useful  in  hysterectomy,  in  operations  upon  the 
perineum,  upon  the  tongue,  the  palate,  and  the  scalp,  etc. 

The  best  forms  are  those  with  the  half-circle  or  the  three- 
eighth-circle  curve.  It  does  not  appear  that  any  advantages 
can  be  claimed  for  Hagedorn's  half-curved  needle  or  straight 
needle.  If  a  curved  needle  has  to  be  used  in  a  needle-holder, 
then  Hagedorn's  instruments  may  be  employed. 

The  needle  holder  is  a  little  complex,  and  needs  practice 
before  it  can  be  deftly  handled.  It  is  difficult  to  keep  clean, 
and  the  suture  thread  is  very  apt  to  be  caught  betAveen  the 
parts  of  the  apparatus. 

A  very  excellent  needle-holder  for  small  curved  needles  of 
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the  ordinary  pattern  is  the  simple  instrument  depicted  in 
Fig.  9. 

Hare-lip  pins,  or  suture  pins,  should  be  made  of  hard  steel, 
and  should  be  as  rigid  as  a  needle  of  corresponding  size.    It  is 


Fig.  9. — SIMPLE  NEEDLE-HOLDER. 


not  uncommon  to  find  that  the  pin  is  of  so  soft  a  metal  that 
it  can  be  readily  bent  double  without  snapping. 

Suture  Material. — The  best  suture  material,  so  far  as  my 
experience  goes,  for  operation  wounds  of  almost  any  kind,  is 
silkiuovni  gut.  It  is  in  the  first  place  strong,  it  is  as  smooth 
as  glass  and  as  solid.  As  it  is  not  composed  of  fibres,  the 
fluids  of  the  wound  cannot  soak  into  its  substance,  and  there- 
fore if  it  be  retained  for  longer  than  the  usual  time  it  does 
not  act  as  a  seton.  I  have  frequently,  under  special  circum- 
stances, allowed  silkworm-gut  sutures  to  remain  in  position 
for  fourteen  days,  and  in  cases  of  cleft  palate  for  three 
weeks,  and  none  of  the  ordinary  evils  have  attended  the  prac- 
tice. 

In  the  case  of  many  wounds  which  require  support  for 
some  time  after  the  operation,  as  in  the  wound  left  after  the 
removal  of  a  mammary  tumour,  together  with  much  skin,  it  is 
better,  if  possible,  that  the  original  sutures  should  be  retained 
than  that  they  should  be  removed  and  their  place  taken  by 
strapping. 

Silk  sutures  must  be  removed  early.  It  is  not  to 
be  inferred  that  the  use  of  silkworm  gut  should  encourage 
the  practice  of  retainmg  sutures  unduly.  A  suture  should  be 
removed  as  soon  as  it  can  be,  but  with  silkworm  gut  it  is 
possible  to  retain  the  support  of  the  suture  in  those  occa- 
sional cases  in  which  such  retention  is  of  advantage. 

In  the  next  place  silkworm  gut,  although  stiff,  moulds 
itself  to  the  position  it  is  made  to  assume  in  the  wound.  Its 
perfect  smoothness  renders  it  easy  to  introduce,  and  this 
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qiuality,  combined  with  its  pliability,  renders  it  easy  to  re- 
move. 

Silkworm-gut  sutures  should  be  allowed  to  soak  for  some 
ten  minutes  before  use  in  carbolised  water.  Such  immersion 
renders  them  less  slippery  and  less  stiff. 

The  suture  should  not  be  tied  in  a  knot.  If  a  knot  be 
attempted,  and  be  pulled  tight,  the  thread  is  almost  certain  to 
snap.  Like  metal  wire,  this  material  can  bear  a  great  strain 
in  a  straight  line,  but  it  is  apt  to  give  if  dragged  upon  when 
sharply  bent  upon  itself 

The  suture  is  secured  by  making  use  of  the  first  stage  of 
what  Fergusson  calls  the  surgeon's  knot,  "  which  is  made  by 
passing  one  end  of  the  thread  twice  over  the  other  (Fig.  10), 

before  turning  each 
back  again  to  form 
the  second  noose." 
With  silkworm 

^.  ,  ofut  this  second  noose 

Fig.  10. — FIKST  STAGE  OF  THE  SUUGEON  H  KNOT. 

should  not  be  formed. 
The  thread  should  be  twisted  as  sho-svn  in  Fig.  10,  and 
then  pulled  tight.  If  properly  apjilied  it  will  not  give.  In 
this  matter  of  securing  the  suture,  silkworm  gut  presents 
a  great  advantage  over  other  materials.  There  is  no  knot  to 
press  upon  the  tissues ;  the  interwoven  suture  threads  lie 
absolutely  flat,  and  the  edges  of  the  Avound  are  approximated 
with  the  greatest  precision.  For  plastic  operations  and  for 
such  a  procedure  as  the  closure  of  a  ruptured  perineum,  this 
suture  material  is  invaluable.  The  threads  should  be  left  long, 
and  it  wiU  be  found  to  be  possible  to  loosen  or  tighten  the 
suture  after  it  has  been  "  tied,"  as  it  lies  in  situ. 

In  cases  where  the  fineness  of  the  resulting  scar  is  a  matter 
of  importance,  as  in  operations  upon  the  face  or  neck,  this 
material  should  always  be  employed. 

Threads  of  two  or  three  different  sizes  can  be  obtained, 
and  the  red-stained  variety  is  the  more  convenient  as  being 
the  more  easily  seen. 

In  the  few  instances  in  which  silkworm  gut,  by  reason  of 
its  stiffness,  cannot  be  employed,  a  silk  suture  thread  may  be 
used.  The  form  of  silk  most  commonly  employed  is  that 
known  as  Chinese  twist.    This  material  has  a  disposition"  to 
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kink  and  to  curl  up  even  after  it  has  been  soaked  in  water  for 
some  time. 

"  Turner's  patent  plaited  suture  silk  "  does  not  possess  tliese 
disadvantages.  It  is  very  readily  applied,  presents  a  smoother 
surface  than  the  Chinese  twist,  and  is  apparently  the  best  form 
of  the  silk  suture  material. 

Ligature  Material. — Catgut  still  remains  the  material  best 
suited  for  ligatures,  especially  as  of  late  considerable  im- 
provements have  taken  place  in  its  manufacture. 

The  most  convenient,  and  apparently  the  best  variety,  is 
that  kno\m  as  sulj)ho-chromic  gut,  which  is  dry,  and  sold  in 
definite  and  well-proportioned  sizes.  See  also  the  remarks 
upon  the  hgature  in  the  preliminary  section  on  the  Ligature 
of  Arteries. 

ACCESSORIES. 

Instrument  trays  are  essential.  Those  used  in  hospitals 
are  usually  made  of  white  china.  A  more  convenient  form  for 
private  practice  is  the  papier-mache  tray,  Avhich  is  light,  not 
easily  broken,  inexpensive,  and  can  be  obtained  in  many  sizes. 

The  instruments  should  be  arranged  neatly  in  one  or  more 
trays,  and  should  be  classified,  i.e.,  the  cutting  instruments  in 
one  part,  the  forceps  in  another,  the  scissors  in  a  third. 

As  the  jDapier-mache  tray  is  dark,  needles,  Avhich  are  not 
easily  seen  and  are  easily  lost,  may  be  placed  in  a  small 
saucer  by  themselves.  If  a  great  number  of  pressure  or  clam]3 
forceps  have  to  be  at  hand,  they  may  be  conveniently  placed 
in  a  small  basin  with  steep  sides.  This  enables  them  to  be 
well  displayed,  and  prevents  them  from  becoming  entangled. 

The  trays,  basins,  etc.,  are  filled  with  a  one  in  thirty  solu- 
tion of  pure  carbolic  acid,  and  in  this  solution  the  instruments 
remain  immersed. 

An  irrigator  and  proper  receivers  are  necessary  in  all  but 
the  smallest  operations. 

-A  wound  surface  should  be  cleaned  by  the  action  of  a 
steady  stream  of  carboliscd  Avatcr,  and  not  by  the  rough 
rubbing  movements  of  a  vigorously  applied  sponge. 

A  large  conical  glass  irrigator,  with  a  tube  of  good  lumen, 
and  a  suitable  tap,  is  the  best  apparatus. 

A  syringe  is  in  most  cases  to  be  condemned.  It  is  awkward 
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to  use,  is  apt  to  get  out  of  order,  involves  nnich  waste  of  time, 
and  sends  upon  the  wound  surface  an  ill-regulated,  spasmodic, 
and  usually  too  violent  stream  of  water. 

The  most  convenient  receivers  are  made  of  papier-mache 
or  hard  gutta-percha,  and  the  most  useful  form  is  that  known 
as  the  "kidney  shape." 

The  receiver  is  held  beneath  the  wound  surface,  and 
receives  the  fluid  from  the  irrigator  or  the  wrung-out  sponge. 

Sponges. — Ordinary  sponges  of  suitable  size  answer  well 
enough  for  the  majority  of  cases.  In  abdominal  operations 
the  finest  Turkey  sponge  should  be  used,  and  the  same  pro- 
vision may  be  made  for  plastic  procedures,  and  for  all  such 
operations  as  require  a  very  clear  view  of  the  depths  of  the 
wound.  Thus  in  securing  the  lingual  artery,  a  well-shaped 
Turkey  sponge  makes  no  little  difference  in  the  circumstances 
of  the  operation  when  the  vicinity  of  the  vessel  is  ap- 
proached. 

New  sponges  must  be  carefully  cleaned  and  freed  from 
every  particle  of  sand.  This  is  effected  by  having  them  well 
beaten  and  shaken  in  calico  bags,  and  by  then  immei'sing 
them  for  some  twenty-four  hours  in  warm  water,  in  which 
also  they  should  be  frequently  rinsed  out. 

Mr.  Doran  advises  that  the  sponges  should  then  be 
immersed  for  twelve  hours  in  a  one  in  five  solution  of  sulphur- 
ous acid.  This  serves  to  free  them  from  all  organic  im- 
purities. 

The  method  recommended  by  Mr.  Greig  Smith  for 
cleansing  sponges  after  use  at  an  operation  is  very  efficacious. 

The  sponges  should  under  no  circumstances  be  boiled,  or 
even  placed  in  boiling  water.  They  should  be  first  well  washed 
and  rinsed  in  warm  water,  and  then  placed  in  a  solution  of 
ordinary  Avashing  soda  (about  a  pound  of  soda  being  em- 
ployed to  every  dozen  sponges).  This  solution  dissolves  out 
the  blood  and  fibrine,  and  in  it  they  are  repeatedly  Avashed 
and  squeezed.  When  every  particle  of  filth  has  been  re- 
moved they  are  once  more  well  cleansed  in  water,  and  are 
then  allowed  to  stand  for  a  few  hours  in  a  one  in  twenty 
carbolic  solution. 

They  are  finally  squeezed  out  and  dried,  and  are  kept 
in  a  dry  place  until  required  for  use. 


THE  STEAM  SPBAY. 


47 


Masses  of  the  finest  absorbent  wool  rolled  up  so  as  to  be 
about  the  size  of  ordinary  sponges,  answer  well  in  many 
operations  in  the  place  of  sponges. 

Not  a  few  surgeons  discard  sponges  altogether. 

Sponges,  together  with  all  surgical  dressings,  are  most 
conveniently  stored  in  close-fitting  tin  boxes. 

The  Steam  Spray. — It  has  been  conclusively  sho>vii  that 
the  antiseptic  spray  is  not  essential  to  the  success  of  an 
operation.  By  the  great  majority  of  surgeons  its  use  has 
been  entirely  abandoned. 

It  is  still  retained  by  some  for  such  operations  as  involve 
the  opening  of  the  abdomen  or  the  pleural  cavity. 

Certain  surgeons  still  hold  that  no  abdominal  section  should 
be  performed  except  under  the  "protection"  of  the  spray:  others 
have  made  it  clear  that  abdominal  operations  of  every  degree 
can  be  carried  out  with  safety  and  success  quite  inde- 
pendently of  this  apparatus. 

The  question  of  the  use  of  the  spray  in  this  class  of  opera- 
tion is  well  discussed  by  Mr.  Greig  Smith  in  the  following 
passages : — "  Spray  or  no  spray  is  probably  a  choice  of  evils, 
and  of  not  very  great  evils.  On  the  one  side  the  evil  is 
irritation  of  the  peritoneum  from  the  germicide,  cooHng  of 
the  peritoneal  surfaces  from  wetting  and  evaporation,  and 
poisoning  fi-om  absorption  of  the  antiseptic  agent  used.  On 
the  other  side  the  evil  is  a  danger  to  be  avoided — namely, 
septic  peritonitis,  from  contamination  with  the  surrounding 
air.  Now,  there  is  no  doubt  whatever  that  the  greatest  risks 
of  peritonitis  arise  from  impurities  of  hands,  sponges,  and 
instruments,  and  not  from  air.  The  spray  has  little  influence 
over  these ;  but  repeated  cleansing  with  soap  and  water  will 
render  them  practically  pure.  An  antiseptician  who  scru- 
pulously attends  to  cleansing  of  hands  and  instruments  is  in  a 
better  position  than  one  who  places  all  his  trust  in  the  spray." 
It  must  be  allowed  that  the  spray  is  inconvenient  to  the 
surgeon,  and  that  the  moisture-laden  atmosphere  produced 
by  it  is  not  the  best  for  the  patient  to  breathe.  The  chief 
point  to  be  claimed  for  the  spray,  and  almost  the  only  point, 
is  that  it  tends  to  purify  the  atmosphere  around  the 
operating  table.  When  an  operation  is  performed  in  a 
healthy,  open,  country  place,  there  can  be  no  excuse  for 
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the  use  of  this  somewhat  cumbrous  apparatus.  If  the  air 
be  acknowledged  to  be  pure,  the  steam  of  the  spray  is  a 
needless  addition  to  the  atmosphere.  On  the  other  hand, 
the  use  of  this  antiseptic  measure  would  appear  to  be  per- 
missible during  the  performance  of  an  abdominal  section,  in 
the  general  hosjiital  of  a  crowded  city.  The  theatre  in  such  an 
institution  may  be  close,  and  full  of  spectators  fresh  from  the 
dissecting  and  post-mortem  rooms  ;  the  atmosphere  could  not 
be  considered  pure,  and  if  a  carbolised  spray  can  improve  its 
condition  it  should  certainly  be  employed. 


49 


CHAPTER  V. 

The  Elements  of  Operative  Surgery. 

The  Arrangements  of  the  Operating  Table. — The  surgeon, 
before  he  takes  the  laiife  in  his  hand,  should  have  very 
clearly  made  up  his  mind,  not  only  what  he  intends  to  do, 
but  also  how  he  intends  to  do  it.  In  like  manner,  he  should 
precisely  instruct  his  assistants  as  to  their  duties  and  the 
manner  of  performing  them.  Each  man  should  have  his 
place  and  his  especial  office,  and  to  this  he  should  devote  his 
whole  attention. 

The  patient  should  bo  placed  in  the  most  convenient 
position.  The  part  to  be  operated  upon  should  be  well  ex- 
posed. The  rest  of  the  body  should  be  neatly  and  carefully 
covered  up,  and  should  be  surrounded  by  precisely  folded 
macintoshes.  Not  one  particle  of  blanket  or  of  flannel  should 
be  visible.  The  "fluff"  of  these  materials  readily  comes  off 
on  the  wet  hand,  and  is  easily  picked  up  by  the  instruments, 
and  the  transference  of  many  particles  of  hair  into  the  wound 
is  distinctly  to  be  avoided.  Macintosh  sheets  should  form 
the  only  material  with  which  it  is  possible  for  the  fingers  or 
the  instruments  to  come  in  contact. 

In  the  most  convenient  place  below  the  site  of  the  opera- 
tion two  or  more  large  coarse  sponges  should  be  wedged,  so 
as  to  absorb  any  blood  which  may  gravitate  from  the  wound. 
They  should  be  changed  as  often  as  required.  In  the  case  of 
an  excision  of  the  breast,  for  example,  the  sponges  may  be 
wedged  under  the  posterior  margin  of  the  axilla,  and  between 
the  thorax  and  the  macintosh  covering  the  'table.  In  the 
case  of  an  operation  for  hernia  or  a  castration  they  should  bo 
placed  against  the  perineum.  By  adopting  this  plan,  blood 
cannot  trickle  beneath  the  patient's  back  or  limbs,  and  much 
time  is  saved,  on  the  completion  of  the  operation,  which 
would  otherwise  be  taken  up  in  cleaning  the  dependent  parts 
of  the  body. 

E 
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Every  detail  should  be  arranged  as  tidily,  as  clearly,  and 
as  jnethodically  as  possible. 

Each  instrument  shoidd  have  its  proper  place  in  the 
instrument  tray.  The  operator  should  not  rinse  his  hands  in 
the  solution  contained  in  the  tray,  nor  dip  sponges  in  it.  If 
common  care  be  not  exercised,  it  is  possible  for  the  sohition 
to  become  so  opacpie  that  the  instruments  cannot  be  readily 
identified.  I  have  observed  an  instance  where  a  tumour 
which  had  been  removed  was  placed,  in  a  fit  of  absence  of 
mind  and  in  the  hurry  of  the  operation,  in  the  instrument 
tray,  with  the  result  that  the  pressure  and  artery  forceps, 
Avhich  were  at  once  re([uired,  were  rendered  invisible. 

A  basin  containing  warm  carbolised  water  should  be 
placed  on  the  instrument  table,  so  that  the  surgeon  can 
cleanse  his  hands  rapidly  from  time  to  time. 

The  wiping  of  blood-stained  hands  upon  a  dry  towel  is 
neither  an  easy  nor  a  satisfactory  method  of  cleaning  them. 

The  assistant  should  take  every  care  that  all  blood  issuing 
from  the  wound  is  sponged  up  at  once.  If  this  be  not  done, 
blood  may  cover  everything,  and  may  be  carried  about  by 
one  and  another  over  the  whole  field  of  the  operation.  Small 
instruments,  moreover,  may  be  lost  among  the  clots  which 
accumulate  below  the  wound,  and  the  necessary  manipula- 
tions of  the  operator  are  carried  on  in  an  atmosphere  of 
sticky  uncleanness.  An  active  assistant  may  make  an}'' 
ordinary  operation  appear  almost  bloodless,  and  his  efforts 
will  not  end  with  appearances  merely,  but  Avill  conduce  to 
that  precise  cleanliness  which  is  so  essential  about  an  opera- 
ting table,  and  to  that  "  clear  field "  which  is  so  much  prized 
by  the  neat  operator. 

As  each  instrument  is  used,  it  should  be  returned  at  once 
to  its  proper  place  in  the  tray.  There  is  a  disposition  to  leave 
the  instruments  lying  about  on  the  operating  table,  on  the 
macintosh,  and  on  convenient  parts  of  the  patient's  body. 
This  slovenly  habit  renders  it  possible  foi:  the  operation  to 
be  stopped  while  the  surgeon  and  his  assistants  are  hunt- 
ing for  lost  forceps  among  the  folds  of  the  patient's  clothing 
or  beneath  his  limbs. 

The  Making  of  the  Wound. — The  question  of  the  precise 
manner  in  which  the  scalpel  or  knife  should  be  held  in 
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Fig.  11. 


making  an  incision  must  be  left  to  a  great  extent  to  the  taste 
and  custom  of  the  individual  operator.  In  making  the  lightest 
an<l  finest  incisions,  as  in 
exposing  an  artery  and  in 
some  plastic  operations, 
it  is  well  that  the  scalpel 
should  be  held  between 
the  thumb  and  the 
fingers  like  a  pen,  the 
thickest  part  of  the  handle  being  the  part  grasped  (Fig.  11). 

If  more  power  be  required,  the  scalpel  may  be  held  some- 
what as  a  violin  bow  is  held,  in  the  position  shown  in  Fig.  12. 

"  This  method,"  as  Fergusson  observes,  "  requires  great 
steadiness  naturall}^,  but  with  practice,  much  ease,  elegance, 
and  dexterity  may  be  displayed  when  the  knife  is  thus  held, 
and  even  the  most  minute  dissections  may  be  effected  with 
the  hand  and  scalpel  in  the  attitude  here  represented." 

In  the  makino-  of  cuts 


requiring  still  more  power, 
as  in  the  making  of  ordi- 
nary skin  incisions,  and  in 
the  handling  of  instru- 
ments larger  than  the  scal- 
pel, the  knife  may  be  held 
in  the  manner  of  a  dinner  knife,  with  the  forefinger  upon 
the  back  of  the  blade  (Fig.  13). 

In  operating,  the  fact  should  never  be  lost  sight  of  that 
the  best  wound  to  heal  is  a  clean  incised  one,  and  that  a 
lacerated  or  contused  wound  is  a  blemish  on  the  work  of  the 
operator. 

also  to  bear 
not  limited 


Fig.  12. 


It  is  important 
operation  wound  is 
into  the  depths  of 
the  part  operated 
upon.  The  wound 
should  be  an  in- 
cised one,  whenever 
possible,  throughout 


m 
to 


mind  that  the  usual 
the  skin ;  it  extends 


Fig.  13. 


its  whole  extent.  The  skin  may  have  been  divided  by  a 
-clean  cut,  while  the  deeper  tissues  may  have  been  severed  by 
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needless  tearing  and  laceration.  Defects  in  healing  are  more 
often  met  with  in  the  depths  of  a  wound  than  in  the  integu- 
mentary part  of  it. 

Each  cut  should  be  made  cleanly  and  precisely,  and  with 
as  much  care  and  deliborateness  as  an  engraver  Avould  bestoAV 
upon  each  movement  of  his  tool.  In  a  skin  incision  the 
wound  should  be  as  complete  at  its  two  extremities  as  at  its 
centre.  It  should  be  of  even  depth  throughout,  be  well 
finished,  and  present  no  "  tails." 

The  depths  of  the  wound  should  not  be  torn  o'pen  with  the 
fingers.  The  fingers  are  useful  enough  and  necessary  enough 
in  opening  up  the  depths  of  some  operation  wounds,  espe- 
cially when  ligaturing  arteries.  The  fingers  answer  perfectly 
for .  separating  some  nuiscles,  as  in  exposing  the  anterior 
tibial  artery ;  but,  while  inter-muscular  spaces  are  con- 
veniently opened  up  with  the  fingers,  muscle  tissue  should 
never  be  torn  through  by  them.  ]\lany  tumours  are  enu- 
cleated almost  by  the  fingers  alone  ;  but,  in  general  terms, 
it  may  be  said  that  the  more  that  is  done  with  the  scalpel 
and  forceps  the  better. 

There  is  a  great  disposition  toAvards  the  needless  and 
reckless  use  of  the  "handle  of  the  scalj)el."  Those  who 
would  employ  this  means  in  such  an  operation  as  the  ex- 
posure of  an  artery  would  incise  the  skin  in  the  usual  way,  and 
Avould  then  attempt  the  rest  of  the  operation  (so  far  as  the 
reaching  of  the  vessel  is  concerned)  with  the  forceps,  the 
fingers,  and  the  handle  of  the  scalpel.  A  moderate  use  of 
both  finger  and  handle  of  scalpel  is  well  enough,  especially 
when  a  search  for  a  deep  artery  is  being  made,  but  the 
nioderation  must  be  within  the  narrowest  limits. 

A  perfectly  needless  degree  of  injury  may  be  inflicted  upon 
the  tissues  by  this  uncouth  method  of  operating ;  parts  are  lacer- 
ated and  displaced,  and  the  anatomical  details  of  the  region 
are  rendered  obscure.  It  is  a  method  which  finds  favour  alone 
with  those  who  use  a  scalpel  with  fear  and  with  unstead}- 
hands,  or  who  have  but  a  confused  idea  of  the  topography 
of  the  district  Avhich  they  are  so  roughly  invading. 

The  tearing  of  the  tissues  between  two  loaii^  of  dissecting 
forceps  is  still  more  reprehensible.  It  is,  perhaps,  not  un- 
common in  operating  upon  hernia  to  iiiake  an  incision  tO' 
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a  certain  depth,  and  then  attempt  to  remove  the  coverings 
of  the  sac  by  picking  up  layer  after  layer  and  tearing  them 
through  between  two  pairs  of  forceps.  The  operator  who 
exposes  a  sac  by  this  method,  and  who  occasionally  aids 
the  "  dissection "  by  the  vigorous  use  of  his  forefinger,  may 
rest  assured  that  there  is  no  worse  way  of  operating,  nor  one 
more  uncertain,  nor — within  reasonable  limits — more  danger- 
ous. 

There  remains,  however,  one  method  of  extending  an 
operation  wound  which  yields  to  none  in  intrinsic  badness. 
It  is  the  method  represented  by  the  use  of  the  director. 
This  sturdy  and  dangerous  piece  of  steel  may  be  employed 
in  tAvo  ways.  The  first  plan  may  be  illustrated  by  the 
operation  of  ligaturing  the  common  carotid  artery.  The 
skin  and  the  subcutaneous  tissues,  with  the  platysma,  are 
divided,  and  the  anterior  edge  of  the  sterno-mastoid  is 
possibly  exposed.  The  surgeon  now  thrusts  a  forefinger 
into  the  wound  and  enlarges  it — with  the  utmost  rough- 
ness—by tearing.  He  now  puts  aside  the  scalpel,  and  pro- 
ceeds to  expose  the  artery  with  the  dissecting  forceps  in 
one  hand  and  the  sharp-pointed  steel  director  in  the  other. 
This  method  may  be  called  dissecting  by  tearing.  The 
director  when  so  employed  is  infinitely  more  dangerous  than 
the  handle  of  the  scalpel.  Tracts  of  connective  tissue  are 
opened  up  by  its  point ;  veins  may  be  penetrated  or  torn  ; 
nerves  and  other  dehcate  structures  are  heedlessly  bruised. 

Great  force  has  to  be  employed,  and  a  wound  of  the  least 
desirable  character  is  produced.  In  ligaturing  such  an  artery 
as  the  external  iliac,  the  director  becomes  pecuHarly  dangerous, 
and  recorded  cases  show  that  in  that  operation  it  has  not 
infi-equently  been  forced  through  the  peritoneum. 

This  barbarous  procedure  compares  forcibly  with  the  right 
method  of  operating,  in  which  the  whole  wound  represents 
a  clean  incised  cut  from  its  surface  to  its  deepest  part.  Each 
layer  of  tissue  has  been  neatly  divided,  every  step  of  the 
operation  has  been  certain  and  precise,  every  anatomical 
feature  has  been  recognised,  and  the  sheath  of  the  artery 
has  received  the  least  possible  amount  of  hurt. 

The  second  method  of  using  the  director  may  be  illus- 
trated by  the  operation  for  hernia  or  by  lumbar  colotomy. 
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The  skin  incision  is  made,  and  the  director  is  at  once  taken 
in  hand.  A  hole  is  made  in  the  tissues,  and  into  this  the 
crude  piece  of  steel  is  thrust.  The  tissues  which  cover  in 
the  director  are  then  hacked  through  with  the  scalpel. 
Another  hole  is  made,  or  the  director  is  thrust  boldly  into 
the  depths  of  the  incision,  and  another  layer  of  tissue  is  left 
mangled.  In  this  way  the  sac  of  a  hernia  is  exposed,  and 
a  tract  of  needlessly  bruised  and  lacerated  tissue  is  left 
behind. 

The  director  may  be  thrust  into  the  distended  and 
softened  bowel,  or  the  bowel  may  overlap  the  margin  of 
the  director,  and  so  be  sliced  open  by  the  knife.  The 
essential  feature  of  the  method  is  that  the  steps  of  the 
operation  are  undertaken  by  the  director,  and  that  the 
scalpel  jDlays  a  subsidiary  part. 

In  performing  colotomy  with  a  director,  the  separate  layers 
of  fascia  and  of  muscle  are  taken  up  by  this  precious  instru- 
ment, and  divided  upon  it.  As  often  as  not,  the  director 
breaks  through  the  layer  of  muscle  which  it  is  exposing, 
and  so  the  operator  is  spared  the  use  of  the  knife.  The 
resulting  wound  is  a  deep  hole  bounded  by  mangled  tissues. 

The  art  of  operative  surgery  would  benefit  greatly  if  the 
director  were  to  be  entirely  banished  from  the  list  of  surgical 
instruments.  A  director  is  certainly  of  service  in  operating 
upon  fistula,  in  dealing  with  sinuses,  in  disposing  of  some 
false  membranes  about  the  viscera,  and  in  herniotomy.  In 
the  latter  operation,  however,  it  is  used  only  when  the  stricture 
is  being  divided,  and  serves  to  save  the  bowel  from  the  undue 
pressure  of  the  finger.  A  surgeon  who  cannot  cut  down  upon 
an  artery,  or  expose  a  hernial  sac  or  a  subcutaneous  cyst, 
or  who  cannot  reach  the  transversalis  fascia  in  the  loin  without 
the  use  of  a  director,  had  better  abandon  operating.  The 
liberal  employment  of  a  director  is  a  demonstration  of  in- 
efficiency, and  the  long  list  of  special  directors  is  not  credit- 
able to  surgical  progress. 

In  exposing  a  deeiJ  part,  such  as  the  sac  of  the  hernia, 
the  whole  process  should  be  effected  by  clean  incisions.  The 
knife  should  follow  the  same  precise  line,  and  be  carried 
neatly  from  one  end  of  the  wound  to  the  other. 

The  layer  of  tissue  next  to  be  divided  should  be  carefully 
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picked  up  with  the  forceps,  and  the  piece  so  held  may  be 
gently  moved  from  side  to  side,  in  order  that  its  density, 
its  thickness,  and  its  freedom  from  deeper  connections  may 
be  made  out.  Now  and  then,  in  approaching  a  hernial  sac, 
the  tissues  may  be  pinched  up  between  the  finger  and  the 
thumb,  so  that  the  thickness  of  the  remaining  layers  may 
be  estimated,  and  the  position  of  the  contained  bowel  or 
omentum  defined. 

It  is  desirable  also  that  the  margin  of  the  wound  should 
not  be  bruised  or  damaged  by  uncouth  retractors.    The  simple 


Fig.  14. — MODE  OF  EXPOSING  A  TOMOUH  by  LIOATURE  or  thread  RETRACTOHa. 

wound  -  hooks,  and  the  wound  -  retractors  described  already 
(page  40)  effect  the  least  disturbance  of  the  divided  tissues 
and  the  least  encroachment  upon  the  field  of  the  operation. 
Retractors  of  all  kinds,  however,  must  be  used  with  a  light 
hand. 

In  performing  many  smaU  operations  I  make  use  of  what 
may  be  termed  ligature  retractors.  After  the  incision  through 
the  skin  and  the  subcutaneous  tissues  and  fascire  has  been 
made,  the  margins  of  the  Avound  are  held  aside  by  means  of 
silk  ligatures,  which  are  inserted  close  to  the  cut  edge  on 
each  side  (Fig.  14). 
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These  ligatures  occupy  no  room,  interfere  in  no  way  with 
the  surgeon's  movements,  and  do  not  encroach  upon  the  field 
of  operation.  They  should  be  of  considerable  length,  so  that 
the  assistant  who  holds  them  may  be  well  out  of  the  Avay. 
When  they  are  employed  upon  a  limb,  one  of  the  threads 
may  be  passed  under  the  limb,  so  that  one  assistant  can 
hold  both  threads  upon  the  same  side  of  the  extremity. 

These  retractors  are  very  useful  in  any  operation  for  the 
removal  of  superficial  tumours,  e.g.,  in  dissecting  out  a 
diseased  bursa  patella^.  The  edges  of  the  wound  can  be 
kept  separated  to  the  utmost  extent  throughout  the  opera- 
tion. In  performing  the  radical  cure  for  varicocele,  also, 
no  better  means  can  be  found  of  retracting  the  scrotal 
tissues,  while  the  veins  are  being  exposed,  than  is  afforded 
by  these  threads.  In  such  an  operation  as  that  required 
for  the  ligature  of  the  lingual  artery,  the  edges  of  the  wound 
can  be  admirably  separated  by  silk  retractors,  which  have 
the  merit  of  never  slipping,  and  of  occupying  no  appreciable 
space. 

In  performing  some  operations  which  involve  wounds  of 
considerable  depth,  I  have  sometimes  found  it  convenient 
to  attach  a  long  ligature  thread  to  a  deep  fascia  which  has 
been  divided,  but  which  needs  to  be  held  aside.  A  long 
thread  so  applied  in  the  depths  of  a  wound  (and  it  needs 
to  be  applied  by  a  curved  needle  in  a  holder)  often  proves 
the  most  efficient  possible  retractor. 

It  is  desirable  also  in  <dl  cases  that  the  incision  should  be 
long  enough  for  the  purposes  of  the  operation.  The  attempt 
to  evacuate  a  tumour  through  the  smallest  possible  incision 
often  involves  a  considerable  bruising  and  laceration  of  the 
edges  of  the  wound  in  the  attempt  to  drag  or  squeeze  the 
mass  through  the  narrow  opening. 

A  long,  cleanly  incised  wound  is  always  to  be  preferred 
to  a  shorter  wound  with  contused  margins. 

Surgeons  who  boast  of  the  smallness  of  their  incisions 
are  proud  of  what  is  at  most  but  a  questionable  feat.  While 
it  is  most  essential  that  a  wound  should  never  be  larger 
than  is  necessary,  at  the  same  time  it  is  important  that  the 
operator  should  have  a  good  view  of  the  parts  with  which 
he  is  dealing.    There  can  be  no  possible  object  in  attempting 
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to  ligature  the  common  carotid  through  an  incision  an  inch 
long.  It  can  be  done  as  a  feat ;  as  a  surgical  procedure  it 
involves  nnich  cutting  in  the  dark,  and  adds  a  quite  un- 
necessary danger  to  the  operation. 

In  performing  operations  upon  the  abdomen  especially 
is  it  desirable  that  the  parts  to  be  dealt  with  should  be 
Avell  exposed;  and  to  attempt  to  gauge  the  manipulative 
skill  of  an  operator  by  the  smallness  of  his  laparotomy 
wound  is  often  to  attempt  a  criticism  upon  false  premisses. 

The  Arrest  of  Bleeding. — The  sponging  of  the  wound 
requires  a  little  care.  The  sponge  should  be  as  well  wrung 
out  as  possible,  and  should  be  applied  to  the  surface  with 
a  quick,  firm,  decisive  touch.  There  should  be  no  patting 
of  the  wound,  nor  should  the  sponge  be  roughly  rubbed 
over  it,  or  swept  heavily  across  it.  Kough  sponging  cannot 
do  other  than  injury  to  the  raw  tissues,  besides  being  in- 
efficient and  involving  Avaste  of  time. 

The  bleeding  surface  should  be  well  exposed,  and  bleeding 
points  should  be  seized  with  the  pressure  forceps  as  soon 
as  they  are  detected.  It  is  needless  to  say  that  the  larger 
vessels  should  be  secured  first.  Pressure  forceps  are  of 
necessity  used  in  haste  as  a  rule,  but  every  care  should  be 
taken  to  grasp  the  vessel  neatly  and  completely,  and  to 
include  no  more  tissue  than  is  absolutely  necessary  between 
the  blades  of  the  forceps. 

To  grasp  a  large  mass  of  tissue  about  a  bleeding  point, 
and  to  allow  the  forceps  to  compress  it  with  the  full  force  of 
the  spring  during  any  considerable  period  of  time,  is  obviously 
bad.  The  structures  so  dealt  with  are  needlessly  crushed  ; 
and  it  may  be  no  matter  of  surprise  if  they  sometimes 
slough.  If  in  the  hurry  incidental  to  copious  hemorrhage 
the  tissues  are  somcAvhat  recklessly  seized,  the  forceps 
should  be  readjusted  Avith  more  care  Avhen  the  urgency  is 
over. 

Simple  oozing  Avill  usually  yield  to  mere  exposure  to 
the  air,  to  the  effect  of  a  fcAv  seconds  of  time,  to  the 
pressure  of  a  nearly  dry  sponge,  or  to  the  action  of  ice 
or  of  hot  Avater. 

Small  vessels  need  only  the  treatment  involved  by  the 
continued  pressure  of  the  forceps.     The  longer  they  can 


58 


OPERATIVE  SUEGERY. 


be  left  on,  the  better,  and  if  then  carefully  removed,  the 
artery  will  usually  be  found  to  have  ceased  to  bleed. 

Thus,  in  excision  of  the  breast  it  is  seldom  found  necessary 
to  ligature  any  vessels.  Continued  pressure  suffices  to  close 
all  such  as  are  not  of  fair  size.  It  will  be  found  in  performing 
an  amputation  that  by  the  time  the  large  arteries  have  been 
secured  and  the  flaps  cleaned  up,  the  pressure  Avhich  has  all 
the  time  been  kept  up  on  the  lesser  vessels  has  sufficed  to 
occlude  them. 

Vessels  a  little  larger  than  those  alluded  to  may  usually 
be  dealt  with  by  torsion.  No  especial  torsion  forceps  are  re- 
quired. If  the  artery  has  been  neatly  and  cleanly  picked  up 
by  the  point  of  the  pressure  forceps,  it  can  be  occluded  by 
torsion  without  removing  the  forceps.  The  vessel  should  be 
drawn  well  out,  and  the  instrument  then  twisted  round  three 
or  four  times  between  the  fingers  and  thumb,, until  there  is  a 
sense  of  lack  of  resistance. 

In  dealing  with  the  larger  arteries,  and  Avith  main  vessels, 
a  catgut  ligature  nuist  be  used.  The  vessel,  while  yet  the 
pressure  forceps  occlude  it,  should  be  gently  isolated,  and 
should  then  be  grasped  by  a  pair  of  artery  forceps  (as  the 
hrst  instrument  is  removed)  and  securely  ligatured. 

In  the  case  of  free  bleeding  fi'om  one  or  more  points 
upon  a  surface,  continued  pressure — to  be  maintained  in 
the  subsequent  dressing  of  the  case — is  the  simplest  mea- 
sure. 

In  instances  in  which  such  pressure  cannot  be  applied,  the 
bleeding  point  may  be  picked  up  with  a  tenaculum,  and  then 
secured  by  silkworm  gut.  This  thread  is  the  material  that 
of  all  others  is  most  likely  to  retain  a  hold  of  the  tissues  under 
these  conditions.  The  gut  should  be  applied  in  the  manner 
described  in  speaking  of  sutures  (page  44) :  it  should  not  be 
tied  in  a  knot. 

It  should  be  an  element  in  the  dressing  of  operation  cases 
that  substantial  pressure  is  kept  up  in  order  to  control  any 
continued  disposition  to  bleed. 

The  Closure  of  the  Wound. — In  previous  sections  the 
question  of  the  selection  of  a  suture  material  and  of  suture 
needles  is  dealt  with,  and  the  manner  in  which  sutures  of 
silkworm  gut  are  to  be  secured  is  described  (page  43).  This 
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material  may  bo  used  iu  closing  all  operation  wounds,  with 
very  few  exceptions. 

Before  introducing  the  sutures,  the  wound  should  be  most 
carefully  cleaned,  and  its  edges  accurately  approximated.  It 
is  most  desirable  that  the  margins  of  the  wound  should  be 
Avell  defined,  and  that  in  uniting  it  parts  which  were  in 
contact  before  the  operation  should  be  once  more  brought 
into  apposition.  As  the  tissues  left  after  the  removal  of  a 
tumour  or  the  reduction  of  a  large  hernia  are  lax,  and  the 
integument  is  flabby  and  in  folds,  it  is  easy  for  the  wound 
to  be  irregularly  united  and  to  be  puckered  in  one  place,  and 
too  tightly  drawn  in  another. 

In  all  but  the  smallest  incisions,  therefore,  the  edges  of  the 
wound  should  be  put  upon  the  stretch,  and  be  so  adjusted  to 
one  another  that  they  form  Avhen  in  contact  a  simple  line. 
This  is  effected  by  introducing  a  large  blunt  hook  into  each 
angle  of  the  wound  in  the  manner  shown  (Fig.  15),  and  by 


Fig.   15. — METHOD  OF  STEADYING  THE  MARGINS  OF  A  WOUXD  WITH  BLUNT  HOOKS 
DURING  THE  INTRODUCTION  OF  THE  SUTURES. 


then  drawing  upon  the  hooks  until  the  wound  margins  are 
parallel  and  are  approximated  to  one  another.  The  hooks 
should  be  of  good  size,  and  I  have  found  that  the  most 
convenient  curve  is  that  of  half  of  a  circle  with  a  diameter 
of  three-quarters  of  an  inch. 

The  needle  should  be  introduced  as  close  to  the  "free  edge 
of  the  wound  as  is  consistent  mth  a  good  hold  upon  the 
tissues.  If  the  suture  be  applied  too  near,  the  hold  obtained 
is  slender  and  the  thread  is  apt  to  cut  through.  If  it  be 
inserted  at  too  gi-eat  a  distance  from  the  wound,  the  margins 
of  the  incision  are  liable  to  become  turned  in  upon  one 
another. 

In  closing  large  wounds,  and  in  inserting  sutures  which 
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will  be  exposed  to  strain  (as  in  wounds  of  the  abdomen, 
deep  wounds  of  fleshy  parts,  and  amputation  flaps),  it  is 
well  to  place  the  main  sutures  at  some  distance  apart  (about 
three-fourths  of  an  inch),  and  some  way  (about  three-eighths 
of  an  inch)  from  the  edge  of  the  wound.  A  very  good  hold  is 
thus  obtained  upon  the  tissues.  Between  these  mam  sutures 
smaller  secondary  sutures  are  inserted,  which  are  introduced 
close  to  the  margin  of  the  wound. 

In  subsequent  paragraphs  special  details  are  given  as  to 
the  method  of  closing  particular  incisions  {vide  Abdominal 
Section,  etc.). 

Sutures  are  probably  more  often  drawn  too  tightly  than 
tied  too  lightly. 

In  using  silk  the  knot  should  be  so  placed  as  not  to  press 
upon  the  skin  at  the  needle  aperture. 

The  sutures  described  unite  merely  the  skin-cut,  and  it 
must  be  remembered  that  in  an  operation  incision  this  skin- 
wound  forms  the  least  part  of  the  lesion.  The  main  wound, 
represented  by  two  large  raw  surfaces,  lies  beneath  the  integu- 
ment. Although  the  sutures  may  close  the  cut  in  the  skin 
efficiently,  they  may  leave  the  depths  of  the  wound  unaffected, 
and  while  the  minor  surface  incision  is  perfectly  adjusted,  the 
gi-eat  wound,  which  spreads  deep  into  the  tissues,  remains 
gaping.  The  union  of  the  skin,  indeed,  may  convert  the  latter 
into  a  cavity  with  raw  and  flaccid  walls,  which  are  at  no  place 
in  contact  with  one  another.  Here,  then,  is  an  actual  evil 
— the  production  of  a  large  subcutaneous  cavity  in  which 
accumulations  can  readily  occur  and  decomposition  take 
place. 

In  placing  the  parts  in  the  best  position  for  healing,  the 
union  of  the  severed  tissues  beneath  the  surface,  and  the 
obliteration  of  the  ivoiind  cavity  hecomo  matters  of  the  first 
importance.  It  is  with  the  greater  lesion  the  surgeon  should 
concern  himself,  rather  than  with  the  mere  cut  in  the  skin. 
A  little  experience  will  soon  enforce  the  fact  that  the  mere 
hiding  of  the  depths  of  the  wound  by  sewing  up  the  rent 
in  the  integument  does  not  constitute  a  closure  of  the  breach. 
The  cutaneous  wound  after  it  has  been  closed  will,  as  a  rule, 
heal  kindly  enough. 

If,  on  the  other  hand,  there  be  any  defect  in  •the  healing. 
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it  usually  proceeds  from  the  depths  of  the  incision.  AVhen  a 
wound  "  breaks  dowTi,"  the  breaking  down  most  commonly 
starts  in  the  deep  wound,  and  not  in  that  in  the  integument. 
The  chief  local  troubles  attending  large  incisions  concern  the 
subcutaneous  part  of  the  lesion,  and  take  such  forms  as  the 
accumulation  of  blood,  the  bagging  of  pus,  the  formation  of 
sinuses,  the  spreading  of  inflammation  into  the  adjacent 
cellular  tissue,  and  the  like. 

To  ensure  the  best  possible  adjustment  of  the  Avhole  sur- 
face of  the  wound  and  the  obliteration  of  what  is  conveniently 
termed  the  wound  cavity,  the  following  method  should  be 
adopted.  It  may  be  illustrated  by  a  case  of  excision  of  the 
breast: — All  hiemorrhage  has  been  checked,  and  the  whole 
surface  of  the  wide-open  Avound  has  been  freed  from  blood-clot 
and  from  fragments  of  tissue,  and  has  been  well  cleansed  by 
a  stream  of  carbolised  lotion  which  has  been  allowed  to  run 
over  it  from  an  irrigator.  The  wound-surface  has  not  been 
scrubbed  clean  with  a  sponge,  as  is  a  common  practice.  A 
sponge  so  applied  inflicts  a  quite  needless  damage  upon  the 
already  injured  tissues,  and  may  cause  an  occluded  blood- 
vessel to  start  bleedino'  ao^ain. 

o  o 

The  margins  of  the  wound  are  now  approximated,  and 
rendered  parallel  and  tense  by  means  of  the  two  blunt  hooks, 
and  the  sutures  are  introduced,  one  by  one,  commencing  at 
the  highest  part  of  the  wound.  The  sutures  are  not  tied  at 
lirst,  but  are  merely  introduced  through  the  tissues.  They 
may  be  so  inserted  throughout  the  whole  length  of  the 
wound,  or,  as  is  more  convenient,  through  the  upper  or  least 
dependent  part  of  it  only  at  first.  Before  these  sutures  are 
secured  and  the  first  j)art  of  the  incision  closed,  the  corre- 
sponding deep  part  of  the  wound  should  be  again  cleaned  out 
Avith  the  irrigator  or  dried  with  the  sponge ;  and  as  the 
surgeon  ties  each  suture  an  assistant  gently  wipes  the  edges 
of  the  wound  for  the  last  time,  and  then  with  a  large  sponge 
compresses  firmly  all  such  part  of  the  cut  as  has  been  closed 
up.  This  pressure  should  never  be  relaxed.  In  the  case  of 
an  excision  of  the  breast,  it  at  once  compresses  the  integu- 
ments against  the  thorax,  brings  the  deep  surfaces  of  the 
wound  well  together,  and  quite  obliterates  the  cavity  of  the 
wound.    Any  further  tendency  to  oozing  is  checked,  and 
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there  is  no  space  possible  in  which  an  exudation  should 
collect. 

The  pressure  closes  the  breach,  and  the  assistant  must 
take  care  that  it  is  never  for  a  moment  relaxed. 

Following  the  same  method,  the  surgeon  closes  in  the  rest 
■of  the  wound,  deahng  with  the  most  dependent  part  last. 
Before  he  ties  a  suture  he  satisfies  himself  that  the  corre- 
sponding depths  of  the  wound  are  clean  and  practically  dry. 
As  he  closes  the  skin  wound,  inch  by  inch,  the  assistant  with 
the  pressure-bearing  sponge  follows  his  hands  ;  the  wound 
cavity  is  thus  gradually  and  certainly  obliterated,  and  Avill 
remain  so  as  long  as  the  compression  is  maintained.  A 
drainage  tube  is  very  often  not  needed,  because  there  is  little 
or  no  space  to  drain,  and  if  a  small  gap  is  left  between  the 
sutures  at  the  most  dci3endent  part  of  the  wound  a  safety 
valve  is  provided  in  case  of  any  accident.  AYithout  relaxing 
the  pressure  kept  up  upon  the  wound,  the  sponges  are  cau- 
tiously and  gradually  replaced  by  the  dressing  to  be  employed. 
This  will  probably  consist  of  a  sponge  or  sponges  well  dusted 
with  iodoform  and  a  very  large  quantity  of  absorbent  wool. 
The  patient's  arm  is  now  carried  right  across  the  wound,  the 
hand  of  the  injured  side  resting  upon  the  opposite  shoulder, 
and  in  this  position  the  limb  is  very  firndy  secured  in  the 
manner  to  be  afterwards  described,  and  is  made  to  act  the 
23art  of  a  compressing  splint.  The  wound  cavity  is  practically 
obliterated  by  pressure,  and  that  pressure  should  be  main- 
tained until  the  Avound  has  healed. 

This  method  can  be  applied  to  almost  any  deep  wound, 
and  even  to  incisions  involving  the  neck.  The  principle  re- 
mains unchanged  although  the  modus  operandi  may  vary. 

In  the  case  of  amputations,  a  like  pressure,  very  cautiously 
and  discreetly  applied,  serves  to  keep  the  raw  surfaces  of 
flaps  in  perfect  apposition,  to  obliterate  any  space  which  may 
<!xist  between  them,  to  prevent  any  after  oozing  of  blood,  and 
to  allow  no  cavity  to  exist  in  which  an  accunuilation  could 
take  place.  Under  this  method  wounds  heal  admirably,  and 
I  venture  to  think  that  it  reduces  the  complications  of  wounds 
to  the  smallest  limits. 

The  surgeon  must  exercise  some  ingenuity  in  devising  the 
best  method  of  applying  pressure  in  each  particular  case ;  he 
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must  make  use  of  it  with  discretion,  and  must  recognise  the 
possibility  of  its  being  unsuited  in  some  local  conditions. 

Some  operators  have  advised  the  use  of  c/ee^j  or  buried 
.nUures,  and  have  claimed  that  the  deeply-placed  wound  sur- 
faces are  thereby  as  effectually  brought  together  as  are  the 
margins  of  the  skin  incision.  They  advise,  moreover — 
especially  in  the  adjusting  of  amputation  flaps — that  severed 
parts  should  be  united  by  suture  like  to  like — i.e.,  muscle  to 
muscle,  fascia  to  fascia,  aponeurosis  to  aponeurosis. 

In  the  case  of  a  deep  wound  in  which  important  structures 
have  been  divided,  such  as  tendons  and  dense  fascias,  it 
may  be  desirable — in  obedience  to  a  rudimentary  principle  in 
surgery — to  specially  unite  the  severed  tissues  with  sutures. 
Such  a  proceeding  would,  however,  be  of  quite  limited  ap- 
plication, and  the  needs  for  it  may  be  considered  to  be  acci- 
dental. It  has  not  been  shown  by  those  who  unite  flaps  by  a 
number  of  so-called  buried  sutures  that  the  method  possesses 
any  definite  advantage  in  actual  practice. 

The  objections  to  be  urged  against  deep  sutures  generally 
are  the  following  : — 

Their  application  involves  time  and  prolongs  the  opera- 
tion. The  tissues  are  needlessly  disturbed,  and  possibly 
damaged,  in  the  application  of  the  sutures.  The  threads 
employed  are  at  best  foreign  substances,  and  the  introduction 
of  ten  or  twenty  unnecessary  fragments  of  catgut  into  the 
depths  of  a  wound  is  at  least  undesirable.  Moreover,  the 
buried  sutures  do  not  offer  the  best  means,  either  of  approxi- 
mating the  raw  surfaces  of  a  deep  wound,  or  of  obliterating 
the  Avound  cavity,  and  in  many  notable  examples — such  as 
is  afforded  by  an  excision  of  the  breast — the  application  is 
scarcely  possible. 

The  length  of  time  during  which  surface  sutures  may  be 
retained  cannot  be  arbitrarily  stated.  Those  of  silk  soon  cause 
irritation,  and  if  not  removed  within  a  certain  time  are  apt  to 
produce  sutural  abscesses.  From  live  to  eight  days  will 
approximately  represent  the  limit  of  time  during  which  such 
sutures  may  with  safety  be  retained. 

With  silkworm  gut,  if  properly  applied,  the  case  is  dif- 
ferent. It  is  exceedingly  uncommon  for  these  sutures  to 
produce  sutural   abscesses,  and  the  irritation  which  they 
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excite  is,  in  the  majority  of  cases,  quite  insignificant.  I  have 
often  allowed  silkworni-gut  sutures  to  remain  in  the  wound 
for  ten  or  fourteen  days,  and  in  the  operation  for  the  closure 
of  a  cleft  palate  they  may  be  left  in  for  three  weeks  if 
necessary.  If  the  ends  be  left  long  enough,  the  suture  can  be 
tightened  or  loosened  while  it  remains  iii  situ;  they  are 
readily  removed,  and  leave  very  little  evidence  of  their  ]3re- 
sence. 

The  almost  exclusive  use  of  this  material  for  the  last 
few  years  in  operation  cases  of  all  kinds  has  led  me  to 
believe  that  it  forms  the  very  best  substance  for  closing 
wounds  with  which  we  are  acquainted. 

The  Draining  of  the  Wound. — In  many  cases  of  opera- 
tion wounds  no  drainage  tube  of  any  kind  is  required. 
The  great  essential  in  dealing  with  a  wound  is,  as  already 
said,  to  bring  all  parts  of  the  cut  surfaces  together,  and  to 
obliterate  the  wound  cavity.  If  this  be  efficiently  done,  there 
is  no  place  in  which  exudations  can  accumulate,  and  no  area 
to  drain. 

If,  on  the  other  hand,  the  margins  of  the  skin  wound  are 
very  closely  united  while  the  depths  of  the  incision  are  left 
unheeded,  then  it  will  often  happen  that  a  closed  sub- 
cutaneous cavity  is  left,  into  which  the  discharges  from  the 
divided  tissues  may  flow,  and  from  which  they  have  no  Avay 
to  escape. 

If  a  cavity  be  quite  unavoidable,  then  a  drainage  tube 
must  be  inserted ;  but  if  no  cavity  exist,  then  the  tube 
serves  merely  to  separate  the  cut  surfaces  and  to  inq^ede 
their  proper  union.  The  actual  forcing  asunder  of  the  siu'- 
faces  of  some  simple  deep  wounds,  such  as  may  be  left  after 
the  ligature  of  an  artery,  appears  to  be  quite  unwarrantable, 
and  to  be  opposed  to  the  simplest  principles  of  surgery. 

The  drainage  tube  has  fallen  into  discredit  mainly  on 
account  of  its  indiscriminate  and  unreasonable  employment  as 
a  routine  feature  in  almost  every  operation  case. 

From  large  wound  surfaces,  such  as  are  left  after  an 
amputation  or  the  removal  of  a  tumour,  a  not  inconsiderable 
oozing  of  blood  and  scrum  may  be  expected.  The  escape  of 
this  is  encouraged  by  the  pressure  which  is  maintained  upon 
the  parts,  by  not  introducing  the  sutures  too  closely,  and  by 
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leaving  some  gap  between  them  at  the  most  dependent  part 
of  the  wound. 

Should  these  means  appear  inefficient,  then  a  tube  may  be 
inserted  and  removed  in  24  or  48  hours. 

In  many  cases  where  pressure  cannot  be  well  applied — as 
in  some  parts  of  the  neck — and  where  gravity  does  not  aid 
the  escape  of  exudations,  and  where  also  a  neatly  adjusted 
skin  wound  is  a  matter  of  importance,  a  drain  may  be  in- 
troduced. But  in  such  cases  there  very  rarely  remains  any 
excuse  for  retaining  it  for  more  than  24,  or,  at  the  most,  30 
hours,  after  the  operation. 

These  are  instances  where  a  tube  may  be  serviceable,  and 
the  other  conditions  under  which  it  may  be  employed  with 
advantage  are  such  as  the  following  : — 

(a)  When  a  cavity  is  produced  at  the  bottom  of  which 
tissue  is  exposed  which  could  not  be  expected  to  join  in  a 
normal  healing  process.  This  is  a  condition  met  with  after 
some  resections  of  bone,  after  some  operations  upon  diseased 
joints,  and  after  the  partial  removal  of  cystic  growths. 

(6)  When  there  is,  or  is  likely  to  be,  a  considerable  oozing 
of  blood,  as  in  incomplete  ovariotomies. 

(c)  When  sinuses  or  inflamed  districts  are  opened  up  in 
the  course  of  the  operation,  and  when  the  involved  tissues  are 
allowed  to  remain  in  whole  or  in  part.  This  is  illustrated  by 
an  amputation  for  disease,  where  an  old  sinus  occupies  the 
substance  of  a  flap,  or  the  track  of  a  sinus  is  exposed  in  the 
depth  of  the  stump.  Although  these  sinuses  may  have  been 
well  scraped,  they  can  scarcely  be  expected  to  take  a  whole- 
some part  in  the  healing  process. 

{d)  When  much-damaged  tissues  are  left  in  the  depths  of  a 
wound,  as  in  cases  where  deeply-attached  tumours  have  been 
removed  with  great  difficulty,  and  with  much  bruising  and 
laceration  of  the  soft  parts,  and  the  application  possibly  of 
many  ligatures.  In  such  cases  the  insertion  of  a  drainage 
tube  is  a  wise  precaution. 

(e)  When  an  operation  has  been  performed  upon  an 
cederaatous  or  infiltrated  part,  it  is  inevitable  that  much 
oozing  will  occur  during  at  least  the  first  few  days,  and  this 
should  be  allowed  to  escape  freely.  In  a  case  therefore  of 
amputation,  where  the  flaps  are  formed  out  of  tissues  which 
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are  still  cedematoiis,  a  tube  may  be  employed  to  give  free  vent 
to  th(3  fluid  which  will  ooze  from  the  cut' surfaces. 

(/)  Drainage  may  be  employed  in  certain  cases  when  the 
wound  is  foul  at  the  time  of  the  operation,  in  some  operations 
near  the  anus,  and  in  instances  where  a  fistula  is  inevitable, 
as  after  certain  operations  upon  the  bowel,  kidney,  etc. 

The  Local  Conditions  which  influence  Primary  Healing. 
— The  circumstances  which  affect  the  future  well-being  of  an 
operation  wound  are  very  numerous.  The  more  general  of 
these  have  been  already  considered,  and  are  such  as  concern 
the  health  of  the  patient,  his  surroundings,  and  the  mag- 
nitude and  duration  of  the  operation. 

The  local  conditions  which  encourage  sound  healing  by 
first  intention  have  been  also  in  some  way  alluded  to.  Tliey 
may  be  briefly  summarised  as  follows : — 

1.  The  wound  is  a  clean  cut,  and  the  surfaces  of  the 
wound  have  been  neither  lacerated  nor  contused. 

2.  The  tissues  dealt  with  are  healthy,  are  free  from  any 
infiltration,  are  left  well  supplied  with  blood,  and  are  removed 
from  any  source  of  septic  infection. 

3.  The  wound  surfaces  have  not  been  roughly  sponged, 
and  have  not  been  washed  with  too  strong  or  too  irritating 
an  antiseptic  solution. 

4.  There  is  no  tension  upon  the  sutures,  and  they  have 
not  been  applied  too  closely. 

5.  All  hfemorrhage  from  the  divided  tissues  has  been 
checked. 

6.  The  edges  of  the  wound  have  been  brought  well  to- 
gether, and  the  wound  cavity  has  been  obliterated  by 
pressure. 
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CHAPTER  YI. 

The  After-Treatment  of  the  Wound. 

Immense  progress  has  been  made  of  late  years  in  the 
treatment  of  wounds.  In  this  progress  the  most  prominent 
figure  is  that  of  Sir  Joseph  Lister.  To  him  belongs  the 
honour  of  having  effected  a  reformation  in  surgery,  of  having 
established  upon  a  new  and  scientific  basis  the  ancient  art 
of  healing,  of  having  freed  the  operator  from  the  more 
grievous  of  the  dangers  which  surround  him,  and  of  having 
greatly  extended  the  powers  and  possibilities  of  the  surgeon's 
art. 

As  to  the  exact  method  of  dressing  a  wound,  and  the 
materials  to  be  used  in  that  dressing,  it  is  impossible  to  be 
dogmatic,  or  even  to  be  precise. 

Probably  at  no  time  have  the  modes  of  dealing  Avith 
Avounds  been  more  numerous,  nor  has  the  application  of  a 
few  common  principles  been  more  diverse. 

All  surgeons  endeavour  that  the  wound  shall  be  quite 
clean ;  shall  be  aseptic ;  shall  not  be  irritated ;  shall  be 
kept  at  rest.  One  surgeon  accomplishes  these  ends  in  one 
way  and  another  in  another,  and  the  results  are  equal.  He 
Avho  considers  that  his  method  of  dealing  Avith  a  Avound  is 
the  most  perfect  will  find  that  his  neighbour,  who  adopts  very 
different  details,  obtains  an  identical  measure  of  success. 

NeAv  antiseptic  agents  appear  from  time  to  time  upon  the 
scene.  They  are  pursued,  are  vaunted  as  perfect,  are  dili- 
gently employed,  and  then  not  a  few  of  them  fade  aAvay,  some 
very  gradually,  others  Avith  the  suddenness  of  the  South  Sea 
Bubble. 

With  these  reservations,  I  might  describe  the  method  of 
dealing  with  operation  wounds  which  has  appeared  to  me  to 
be  satisfactory. 

The  part  must  be  kept  absolutely  at  rest.  Mere  confinement 
p  2 
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in  bed,  with  the  support  of  a  proper  pillow,  may  suffice 
to  effect  this,  or  a  special  splint  or  retentive  apparatus  may  be 
employed. 

The  part  is  kept  raised,  so  that  the  circulation  of  the 
blood  through  it  may  be  as  much  relieved  as  possible,  and  is 
so  placed  that  the  drainage  of  any  discharges  may  be  readily 
effected. 

The  wound  itself  is  dressed  simply  with  sponges  dusted 
with  iodoform.  These  are  held  in  place  by  much  absorbent 
wool,  over  which,  possibly,  a  layer  of  gauze  is  placed. 

A  bandage  is  then  so  apphed  as  to  bring  pressure  to  bear 
upon  the  wound.  The  effect  of  this  is  that  the  edges  of  the 
incision  are  kept  well  together,  the  cavity  of  the  woimd  is 
obliterated,  any  tendency  to  oozing  is  prevented,  the  use  of  a 
drainage  tube  is  rendered  unnecessary,  and  the  parts  con- 
cerned in  the  wound  are  kept  perfectly  at  rest. 

No  material  keeps  up  a  more  effective  form  of  pressure 
than  a  sponge.  Sponges  so  employed  can,  after  cleaning,  be 
used  over  and  over  again.  There  should  be  a  liberal  covering 
of  wool,  as  it  tends  to  equalise  and  diffuse  the  pressure  em- 
ployed. The  ordinary  carbolic  gauze  answers  the  part  of 
keeping  the  wool  well  in  place,  as  it  adheres  a  little  to  the  skin. 

The  amount  of  pressure  employed  must  depend  upon  the 
circumstances  of  the  individual  case.  Unlimited  pressure 
would  obviously  not  be  employed  in  cases  where  the  vascular 
supply  of  the  part  is  slight  and  the  patient  very  old. 

The  simpler  wounds,  such  as  those  following  abdominal 
section,  the  ligature  of  an  artery,  or  the  removal  of  a  small 
growth,  need  not  be  disturbed  for  a  week.  Such  wounds  as 
result  from  excision  of  the  breast  or  an  uncomplicated  am- 
putation may  be  left  for  three  to  five  days.  If  much  oozing 
be  anticipated,  the  wound  may  be  dressed  at  the  end  of 
twenty-four  hours,  and  then  left  for  four  or  five  days. 

In  the  place  of  the  natural  sponge  the  "  artificial  sponge  " 
answers  fairly  well. 

Tillmann's  "  dressing  linen "  is  an  admirable  application 
for  wounds.  It  is  soft  and  compressible,  and  very  absorbent, 
and  possesses  the  great  good  quality  of  not  sticking  to  the 
Avound. 

No  stronger  antiseptic  lotion  is  used  than  a  one  in  forty, 
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or  in  some  cases  a  one  in  thirty,  solution  of  pure  carbolic 
acid. 

The  wounded  part  should  be  kept  in  the  open  air — i.e.,  be 
as  far  as  possible  uncovered  by  the  bed-clothes.  This  will  be 
more  or  less  inevitable  with  wounds  of  the  head,  neck,  and 
upper  extremity.  The  lower  limb,  after  operation,  should  be 
quite  uncovered  by  the  bed-clothes.  The  atmosphere  under 
bed-clothes  is  limited,  is  hot,  is  moist,  and  is  frequently  foul, 
as  after  the  use  of  the  bed-pan  or  the  escape  of  flatus.  If 
there  be  any  truth  in  the  principles  which  underlie  antiseptic 
surgery,  no  atmosphere  could  be  worse  for  a  wound.  The 
exposed  limb  may  be  Avrapped  up  during  the  cold  weather, 
and  in  my  wards,  where  no  wound  of  the  extremities  is  ever 
allowed  to  be  covered  by  bed-clothes,  I  have  never  heard  any 
complaint  on  the  ground  of  the  part  being  unduly  cold. 
Fresh  wounds,  as  well  as  old  ulcers,  have  healed  with  greater 
readiness  and  certainty  since  I  introduced  this  rule. 

In  operations  about  the  pelvis,  such  as  castration  and  the 
radical  cure  of  varicocele,  the  part  can  be  kept  in  a  reasonably 
healthy  atmosphere  by  a  simple  arrangement  of  the  clothes 
over  a  bed  cradle.  Unless  there  be  some  indication  to  the 
contrary,  the  wounds  resultmg  from  these  operations  should  be 
dressed  after  every  action  of  the  bowels. 
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part  II. 

THE  ADMINISTRATION  OF 
ANAESTHETICS. 

[This  section  has  been  specially  written  by  Frederic  Wm. 
Hewitt,  M.A.,  M.D.,  Cantab.,  Ancesthetist  to  and  Lecturer 
on  Ancesthetics  at  the  London  Hospital.] 

CHAPTER  1. 

The  Anesthetic  Agents  most  Commonly  Employed  : 
Their  Properties  :  and  the  Effects  avhich  they 
Produce  when  Administered  to  Normal  Adults, 

1.  ether.. 

Properties. — Pure  ether  is  a  colonrless,  highly  volatile, 
inflammable  liquid  of  specific  gravity  -720.  The  odour  of  its 
vapour,  although  not  very  pleasant,  is  more  agreeable  than 
that  of  the  "  pure  methylated  ether "  often  employed.  The 
latter  drug  produces  greater  irritation  to  the  air  passages,  is 
required  in  larger  quantities  to  produce  anaesthesia,  and  is 
more  often  followed  by  nausea  and  vomiting  than  the  pure 
ether  which  should  always  be  employed.  The  vapour  of 
this  antesthetic  being  inflammable,  care  should  be  taken  not 
to  bring  an  artificial  light  or  a  cautery  near  vessels  con- 
taining ether,  or  near  the  mouth  of  a  patient  who  is  fully 
under  the  influence  of  ether  It  must  be  borne  in  mind  that 
the  temperature  of  the  room  in  which  the  administration  is 
being  conducted  materially  influences  the  rapidity  with  which 
ether  evaporates,  it  being  more  diflicnlt  to  quickly  anaesthetise 
a  patient  with  ether  in  cold  than  in  hot  weather. 

Effects  of  Inhalation. — Assuming  that  ether  vapour  is 
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gradually  given,  the  effects  which  it  produces  will  be  found  to 
be  largely  dependent  upon  the  degree  to  which  air  is  allowed 
to  enter  the  lungs  with  the  vapour.  When  ether  is  adminis- 
tered by  means  of  a  cone  or  towel,  so  tliat  a  copious  supply 
of  air  is  admitted,  the  anaesthetic  may  be  said  to  be 
administered  by  the  "  open  "  method  ;  when  ether  is  given  in 
such  a  way  that  the  supply  of  air  is  limited,  as  by  using  a 
Clover's  or  Ormsbj^'s  inhaler,  the  "close"  method  results. 
When  ether  is  given  with  a  copious  supply  of  air,  much 
irritation  in  the  upper  air-passages  is  produced  ;  the  patient 
frequently  experiences  a  sense  of  suffocation ;  coughing 
occurs  ;  excitement,  gesticulation,  and  struggling  are  common  ; 
and  a  considerable  period  may  elapse  before  surgical  anes- 
thesia is  reached.  Clover  was  the  first  to  demonstrate  the 
advantages  of  the  close  method  of  inhalation  (page  84),  and  if 
the  administration  be  conducted  strictly  in  accordance  with 
his  directions,  coughing,  excitement,  and  struggling  will  cither 
occur  in  a  very  minor  degree,  or  will  be  wholly  avoided,  anaes- 
thesia becoming  quietly  established  in  from  two  to  five  minutes. 
When  surgical  anossthesia  has  been  produced,  it  will  be  found 
that  the  pulse  is  full,  soft,  regular,  and  somewhat  accelerated ; 
the  respiration  is  quickened,  and  considerably  deepened; 
deep  snoring  stertor  is  present ;  the  pupils  are  dilated  in 
proportion  to  the  depth  of  etherisation  ;  the  muscular  system 
is  relaxed,  and  reflex  action  for  the  most  part  is  abolished. 
Large  quantities  of  ether  are  sometimes  needed  before  relaxa- 
tion and  loss  of  all  reflex  action  become  established.  There 
are  four  reflexes  to  which  attention  should  be  directed:  viz., 
movements  of  the  extremities  dependent  upon  the  surgical 
procedure ;  closure  of  the  eyehd  when  the  conjunctiva  is 
touched  ;  the  act  of  deglutition  evoked  by  mucous  or  ether 
vapour ;  and  cough,  also  the  result  of  the  two  last-named 
stimuli.  If  all  these  reflex  phenomena  be  absent,  the  narcosis 
may  be  said  to  be  profound.  If  only  moderate  anaesthesia  be 
maintained,  some  of  the  reflex  acts  here  referred  to  will  occur. 
Large  quantities  of  ether  are,  as  a  rule,  necessary  in  operations 
about  the  genito-iu^inary  organs  and  rectum ;  otherwise 
tranquil  anresthesia  will  not  be  secured.  The  order  in  which 
reflexes  disappear  will  be  found  to  vary  in  difl'erent  subjects. 
Generally  speaking,  however,  the  lid  reflex  is  one  of  the  latest 
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to  disappear,  and  hence  the  earliest  to  reappear  when  the 
administration  is  discontmued.  As  the  patient  tends  to 
"  come  round  "  the  hd  reflex  usually  first  manifests  itself ;  then 
swallowing  takes  place ;  then  a  cough  is  given,  and  retching 
or  vomiting  often  follows.  Excitement  after  etherisation  is 
uncommon. 

2.  CHLOROFORM. 

Properties. — "  A  limpid,  colourless  liquid,  of  an  agreeable 
ethereal  odour  and  sweet  taste ;  dissolves  in  alcohol  and  ether 
in  all  proportions  :  specific  gravity  1-497  "  (B.  P.).  Care  should 
always  be  taken  to  employ  the  purest  chloroform.  Unlike 
ether,  chloroform  vapour  is  not  inflammable. 

Effects  of  Inhalation. — Chloroform  vapour  is  by  no  means 
unpleasant  to  inhale  when  gradually  administered  Avith  a 
copious  supply  of  air.    When  thus  given,  chloroform  vapour  is 
far  less  irritating  than  that  of  ether,  and  hence  coughing  and 
other  evidences  of  irritation  are  usually  absent.    Some  tinnitus 
and  other  unpleasant  sensations  are  occasionally  experienced  ; 
but,  generally  speaking,  the  patient,  if  not  frightened  by 
surroundings,  or  by  too  strong  a  vapour,  passes  into  a  dreamy 
state,  in  which,  although  consciousness  to  a  great  extent 
remains,  pain  is  not  appreciated.    This  analgesic  eflect  of  small 
cpiantities  of  cliloroform  is  taken  advantage  of  during  labour, 
and  as  the  main  element  of  danger  from  chloroform — viz., 
too  strong  a  vapour  and  too  little  air — is  absent,  the  mortality 
imder  chloroform  thus  administered  is  practically  nil.    As  the 
administration  proceeds,  consciousness  becomes  gradually  de- 
stroyed.   There  is  nearly  always  a  period  of  some  excitement 
similar  to  that  produced  by  ether  when  given  by  the  open 
method.    Reflex  action  is  at  this  stage  still  perfect,  so  that  the 
patient  may  move  or  shriek  if  the  operation  be  commenced, 
although,  as  memory,  volition,  and  intelligence  have  been 
destroyed,  he  will  preserve  no  recollection  of  any  such  pro- 
cedure. Tonic  spasm,  associated  with  temporary  embarrassment 
of  respiration,  often  arises  about  this  period;  but  as  reflex 
action  passes  away  the  respiration  becomes  tranquil  and  regular. 
The  stage  of  surgical  anaesthesia  is  now  commencing,  and  if 
the  administration  be  cautiously  continued  the  following  signs 
manifest  themselves :   The  pulse  is  fuller  than  when  the 
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administration  commenced  (chloroform  acting,  for  a  while,  as 
a  cardiac  stimulant) ;  the  respiration  is  regular,  and  usually 
somewhat  stertorous ;  the  pupils  are  moderately  contracted  : 
the  muscular  system  is  relaxed,  and  the  cornea  insensible 
to  touch.  Much  that  has  been  said  concerning  etherisation 
applies  to  the  administration  of  chloroform.  One  very  im- 
portant difference,  however,  deserves  emphasis  :  with  ether  it 
is  possible,  almost  with  impunity,  to  pass  beyond  the  realm  of 
reflex  action,  and  to  keep  up  an  unnecessarily  deep  narcosis ; 
but  with  chloroform  this  is  not  the  case,  an  overdose  being 
likely,  with  but  little  warning,  to  sot  up  the  most  alarming 
symptoms. 

3.  NITROUS  OXIDE. 

Properties. — Nitrous  oxide  is,  at  ordinary  temperatures 
and  pressures,  a  colourless  gas  of  somewhat  sweetish  odour 
and  taste.  It  is  supplied  by  the  instrument-makers  in  a  liquid 
state  in  iron  or  steel  cylinders,  in  which  it  exists,  at  60°  Fahr., 
at  a  pressure  of  about  1,000  lbs.  to  the  square  inch  (Barth  &  Co.). 
Cylinders  containing  liquefied  nitrous  oxide  have  labels  upon 
them  stating  the  weights  of  the  full  and  empty  cylinders ; 
fifty  gallons  of  nitrous  oxide  gas  thus  liquefied  weigh  fifteen 
ounces. 

Effects  of  Inhalation. — When  nitrous  oxide  is  administered 
by  means  of  a  face-piece  possessing  valves,  so  that  the  expired 
gas  is  not  re-breathed — when  care  is  taken  to  prevent  the  ad- 
mixture of  atmospheric  air — when  the  gas  is  supplied  to 
the  patient  equably,  and  as  near  as  possible  at  atmospheric 
pressure — and  when  the  patient  breathes,  as  he  should  be 
instructed  to  breathe,  deeply  and  freely,  the  following  effects 
are  usually  produced :  a  pleasant  sensation  is  experienced 
throughout  the  body — a  "  thrilling,"  as  Sir  Humphrey  Davy 
expressed  it — and  a  desire  to  breathe  more  deeply  arises.  If 
fuU  draughts  of  the  nitrous  oxide  be  inhaled,  the  sense  of 
suffocation  sometimes  complained  of  will  not  be  experienced. 
An  analgesic  state  is  reached  before  consciousness  is  actually 
lost.  Very  soon,  however,  anesthesia  ensues,  and  rapidly 
deepens.  The  florid  colour  of  the  patient's  lips  and  checks 
becomes  replaced  by  lividity,  or  cyanosis,  proportionate  to  the 
previous  colour  and  to  the  degree  to  Avhich  the  ancesthetic  is 
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pushed.  Respiration  is  deepened  and  usually  quickened  by 
nitrous  oxide,  and  after  a  variable  though  short  period  (thirty 
to  sixty  seconds)  it  becomes  stertorous  and  irregular  in  rhythm. 
The  rate  of  the  pulse  is  increasingly  accelerated  throughout, 
and  if  the  administration  be  pushed  to  its  full  extent  the 
volume  of  the  pidse  diminishes.  The  pupils  usually  dilate. 
Muscular  movements,  both  clonic  and  tonic,  are  very  common, 
more  especially  in  chilch-en,  but  they  do  not  always  occur  even 
when  the  administration  is  pushed  to  its  fullest  extent.  When 
stertor  and  clonic  movement  occur,  the  administration  must 
be  discontinued,  otherwise  respiration  will  not  proceed.  Mic- 
turition is  liable  to  occur  in  children  under  the  influence  of 
the  gas.  In  dental  operations  the  available  period  of  anaes- 
thesia after  the  removal  of  the  face-piece  bears  a  sort  of  pro- 
portion to  the  length  of  time  taken  to  produce  full  ansesthesia. 
Under  ordinary  circumstances  this  period  is  of  about  thu'ty 
seconds'  duration. 

4.  MIXTURES    OF  ANESTHETICS. 

(i.)  Nitrous  Oxide  and  Ether. 

This  is  the  most  valuable  combination  of  anaesthetics  with 
which  we  are  acquainted.  It  is  valuable  because  the  anaes- 
thesia of  nitrous  oxide  may  be  prolonged  by  adding  ether 
vapour  when  the  patient  has  become  unconscious  from  the 
gas  ;  and  also  because,  by  giving  nitrous  oxide  before  ether, 
the  former  agent  prevents  all  the  unpleasant  initial  effects 
Avhich  would  be  produced  by  the  latter.  Nitrous  oxide  may 
either  be  followed  by  a  small  quantity  of  ether,  for  brief 
operations;  or  by  a  considerable  quantity  for  more  prolonged 
cases.  The  effects  produced  by  the  combination  will  chiefly 
depend  upon — (a)  the  degree  to  which  nitrous  oxide  anaesthesia 
is  carried  before  ether  is  admitted;  (h)  the  quantity  of  air 
allowed  during  the  transition  from  nitrous  oxide  to  ether; 
(c)  the  strength  of  the  ether  vapour  added  to  the  nitrous 
oxide ;  and  (r/)  the  rapidity  with  which  the  ether  vapour  is 
admitted  whilst  nitrous  oxide  is  being  breathed.  Nitrous 
oxide  is  irrespirable  beyond  a  certain  limit,  and  hence  air 
must  be  admitted  during  the  transition  to  deep  etherisation 
(page  89),  otherwise  respiration  will  not  proceed  satisfactorily. 
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in.)  The  A.  G.  E.  Mixture. 
This  consists  of  the  foUowing  ingredients  : — 

Sp.  Gr.  Parts. 
Pure  Ethylic  Alcohol       ...         -795  1 

„    Chloroform    1-497  2 

„    Ethylic  Ether  ...         -720  3 

It  is  very  important  that  the  bottle  containing  the  mixture 
should  have  an  accurately  fitting  stopper.  It  is  best  to  make 
the  mixture  in  small  quantities  (about  six  ounces)  at  a  time. 
The  vapour  of  the  A.  C.  E.  mixture  is  the  most  agreeable  of 
all  the  anaesthetic  vapours.  It  has  a  fruity  odour,  and,  if 
largely  diluted  with  air,  is  very  pleasant  to  inhale.  It  has  been 
urged  that  as  the  constituents  of  the  mixture  evaporate  at 
different  rates,  such  constituents  will  be  breathed  in  a  different 
proportion  to  that  intended.  This  objection  holds  good  if  a 
considerable  quantity  of  the  mixture  be  placed  in  an  inhaler 
and  the  vapour  administered.  But  if  very  small  quantities  be 
added  to  the  mask  or  cone  from  time  to  time,  such  an  objection 
almost  ceases  to  exist.  The  A.  C.  E.  mixture  should  be 
regarded  as  diluted  chloroform,  and  administered  as  though  it 
were  that  ansBsthetic.  It  is  a  most  valuable  and  agreeable 
agent,  and  is  very  suitable  under  certain  conditions.  When 
nitrous  oxide  is  not  procurable,  or  when  it  is  probable  from 
the  appearance  of  the  patient  that  difficulties  may  arise 
in  employing  this  gas  before  ether,  the  A.  C.  E.  mixture 
may  with  much  advantage  be  used  as  a  preHminary  to 
etherisation. 

The  earlier  effects  produced  by  the  inhalation  of  this 
mixture  will  depend  upon  the  quantity  placed  in  the  inhaler 
and  the  degree  to  which  atmospheric  air  is  admitted.  If  ad- 
ministered as  directed  on  page  90,  anaesthesia  usually  becomes 
established  in  from  four  to  ten  minutes.  As  compared  with 
chloroform  narcosis,  that  of  the  A.  C.  E.  mixture  has  distinct 
advantages.  Conspicuous  among  these  is  the  stimulating 
effect  upon  the  heart.  Kespiration  is  a  trifle  deeper  and 
quicker  than  under  chloroform,  a  somewhat  important  fact 
seeing  that  any  change  in  brcathmg  is  more  quickly  detected. 
Vomiting  is  far  less  common  after  this  anesthetic  than  after 
ether,  and  about  as  frequent  as  after  chloroform. 
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(iii.)  Chloroform  and  Alcohol. 

Chloroform  may  with  advantage  be  dihited  with  pure 
ethyhc  alcohol  (one-eighth  to  one-fifth),  and  the  mixture  thus 
made  administered  as  if  it  consisted  of  undiluted  chloroform. 
The  so-called  "  bichloride  of  methylene  "  is  in  all  probability 
a  mechanical  mixture  of  chloroform  with  one-fifth  of  methylic 
alcohol.  These  mixtures  are,  coeteris  paribus,  safer  than 
chloroform  itself 

(iv.)  Morphine  and  Chloroform. 

After  even  a  small  dose  of  morphine  {e.g.,  one-sixth  grain 
subcutaneously),  chloroform  readily  and  rapidly  produces 
anaesthesia,  but  the  greatest  caution  is  requisite  in  maintain- 
ing the  narcosis.  Very  little  chloroform  is  required  under 
such  circumstances.  The  respiration  must  be  watched  with 
the  utmost  vigilance,  for  it  is  liable  to  become  enfeebled  from 
the  combined  effects  of  the  drugs.  It  is  usually  possible, 
after  once  anaesthesia  has  been  produced,  to  maintain  an 
analgesic  effect  by  giving  but  a  few  whiffs  of  chloroform  vapour 
occasionally.  Great  caution  is  required,  and  there  are  many 
who  regard  the  combined  administration  as  dangerous.  Similar 
caution  is  requisite  in  giving  morphine  to  a  patient  deeply 
under  the  influence  of  chloroform  or  ether  ;  signs  of  returning 
consciousness  should  be  allowed  to  manifest  themselves  before 
the  morphine  is  given. 
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Modifications  in  the  Effect   of   the  An/esthetic 
dependent  upon  physical  condition,  etc. 

]  .  Age. — In  infants  and  very  yonng  children  etlier  produces 
much  irritation  to  the  delicate  respiratory  passages,  and  the 
A.  C.  E.  mixture  should  be  prefeired.  Chloroform  and  the 
A.  C.  E.  mixture  are  well  borne  in  aged  subjects,  and,  generally 
speaking,  these  an;Bsthetics  should  be  employed  in  such 
cases.  Ether  is  usually  considered  to  be  contra-indicated  in 
old  age,  but  if  it  be  properly  administered,  and  more  especially 
if  it  be  preceded  by  the  A.  C.  E.  mixture,  to  prevent  its  initial 
effects,  it  is  surprising  how  well  it  is  often  tolerated,  even  by 
patients  of  eighty  or  ninety  years  of  age. 

2.  Temperament. — Hysterical  patients  sometimes  give 
some  trouble,  more  especially  with  chloroform,  or  with  ether 
when  administered  with  a  copious  supply  of  air :  hence  nitrous 
oxide,  folloM^ed  by  ether,  is  the  best  anesthetic  in  such  cases. 
Patients  of  a  placid,  equable  temperament  take  anaesthetics 
well ;  excitable  j)eople,  and  those  whose  nervous  systems 
seem  overstrung,  are  more  liable  to  cause  delay  in  the  pro- 
duction of  anesthetic  sleej). 

3.  Obesity — Plethora, — Generally  speaking,  patients  of 
this  group  do  not  take  ether  well,  and  the  greater  the 
exclusion  of  air  during  etherisation,  the  greater  the  chfficulty 
in  the  administration.  Very  stout,  flabby  patients,  who 
are  not  fidl-blooded,  are  better  subjects  than  the  plethoric. 
In  the  latter  the  tongue  and  mucous  membranes  of  the 
upper  air-passages  become  much  engorged,  and  render 
respiration  difficult.  This  vascular  engorgement,  and  con- 
sequent swelling,  deserve  more  attention  than  they  have 
received.  The  difficulty  in  breathing  which  they  ])roduce 
is  not  encountered  in  sparely  built  and  anannic  subjects, 
and  would  hence  appear  to  be  apparently  connected  in 
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some  way  with  the  quantity  of  blood  present  in  the  body. 
It  would  seem  that  etherisation,  more  especially  when  con- 
ducted with  a  limited  supply  of  air  (Clover's  method),  produces 
engorgement  of  the  right  side  of  the  heart  and  venous 
system  generally:  that  this  venous  engorgement  is  most 
marked  in  persons  of  an  apoplectic  type ;  and  that  in  such 
patients  the  vipper  air-passages  (mouth,  nose,  etc.)  are  liable  to 
become  diminished  in  size,  or  occluded,  by  such  swelling.  In 
the  transition  from  nitrous  oxide  to  ether  the  difficulty  here 
referred  to  is  likely  to  occur,  and  hence  it  is  a  good  plan  not 
to  use  this  combination  in  such  subjects,  or,  if  it  be  used,  care 
should  be  taken  to  prevent  any  difficulties  in  breathing  by 
the  preliminary  insertion  of  a  small  mouth-prop  between  the 
teeth.  Plethoric  patients  may  usually  be  satisfactorily  anaes- 
thetised by  the  A.  C.  E.  mixture,  followed  by  ether  gradually 
administered  from  an  Ormsby's  inhaler. 

4.  Asthenia — Collapse — Anaemia. — Patients  of  this  class 
require  but  small  quantities  of  any  anaesthetic.  The  charac- 
teristic stertor  of  nitrous  oxide  anaesthesia  may  be  replaced 
by  shallow  respiration,  and  care  must  be  taken  not  to  push 
the  administration  unduly.  The  same  is  more  or  less  true 
of  other  anaesthetics.  Deprivation  of  air  is  very  badly  borne 
by  these  patients,  and  hence  ether  must  be  administered  with 
plenty  of  air.  When  much  blood  has  been  lost  upon  the 
operating  table,  or  in  lengthy  operations  upon  extremely 
feeble  subjects,  it  is  better  to  allow  the  patient  to  occasionally 
exhibit  symptoms  of  imperfect  anaesthesia  than  to  unneces- 
sarily push  the  anaesthetic. 

5.  Habitual  and  excessive  use  of  Alcohol,  Tobacco, 
Morphine,  Chloral,  etc. — Patients  addicted  to  these  excesses 
frequently  give  some  trouble.  A  transitory  and  imperfect 
anassthesia  from  nitrous  oxide  is  liable  to  arise,  and  with  ether 
or  chloroform  the  stage  of  excitement  is  often  prolonged.  As 
the  excessive  use  of  alcohol  and  tobacco  is  frequently  asso- 
ciated with  a  plethoric  habit,  the  phenomena  referred  to  in 
Section  8  may  be  superadded. 

6.  Diseases  of  the  Heart  and  Blood-vessels. — Patients 
with  morbus  cordis  take  anaesthetics  well  as  a  general 
rule.  But  if  the  heart  have  undergone  extensive  degener- 
ative changes  much  care  will  be  needed.    Nitrous  oxide  and 
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also  ether  are  badly  borne  if  the  cardiac  affection  is  asso- 
ciated with  cyanosis  and  extensive  pulmonary  changes  (oedema, 
hydro  thorax,  etc.).  The  A.  C.  E.  is  an  excellent  anaesthetic  for 
most  cases  of  advanced  cardiac  disease,  and  undiluted  chloro- 
form should  be  avoided  if  possible.  Patients  who  are  the  sub- 
jects of  extensive  atheroma  should  not  be  anaesthetised  with 
ether,  as  there  is  risk  of  cerebral  haemorrhage.  The  A'.  C.  E. 
mixture  or  chloroform  diluted  with  alcohol  Avill  be  found  to 
answer  well. 

7.  Affections  of  the  Air-passages  or  Pleurse  attended  by 
Dyspnoea  or  Cyanosis. — Generally  speaking,  ether  is  best 
avoided  iu  such  cases  as  these ;  and  the  A.  C.  E.  mixture 
should  be  employed.  If,  however,  the  last-named  antesthetic 
should  cause  any  additional  distress  in  breathing,  chloroform 
(preferably  diluted  with  alcohol)  must  be  given. 

8.  Cerebral  Affections  attended  by  Impairment  of 
Consciousness. — Much  care  is  needed  in  anaestlietising  patients 
who  are  already  more  or  less  unconscious.  When  coma  .is 
present  to  a  greater  or  less  degree,  no  anaesthetic,  or  only  the 
smallest  quantity,  will  be  required.  The  risk  of  giving  morphine 
before  the  administration  of  the  anaesthetic  is  greater  in  these 
patients  than  in  those  whose  cerebral  functions  have  not  been 
impaired  by  disease. 
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CHAPTER  III. 

Preparation  of  the  Patient  for  the  Administration  of 

THE  Anesthetic. 

The  best  time  for  the  administration  of  nitrous  oxide  is 
about  three  hours  after  sohd  food  has  been  taken.  With  ether, 
chloroform,  and  other  anfesthetics,  five  to  six  hours  should 
have  elapsed  after  solid  food,  but  a  httle  clear  soup,  with  or 
without  a  glass  of  wine,  may,  in  the  case  of  feeble  patients,  be 
allowed  about  three  hours  before  the  actual  administration. 
Eggs  and  milk  should  be  withheld.  A  small  quantity  of 
brandy,  Avith  a  httle  less  than  t|ie  same  quantity  of  water,  may 
be  given  to  patients  whose  circulation  is  feeble,  immediately 
before  the  administrati'on — a  plan  more  especially  to  be  recom- 
mended when  chloroform  is  to  be  employed.  Artificial  teeth 
should  always  be  removed.  The  position  of  the  patient  should 
be  as  comfortable  as  circumstances  Avill  allow.  Whenever  it 
is  possible,  the  anesthetist  should  ask  his  patient  to  lie  in 
that  position  Avhich  he  assumes  on  retiring  to  rest  at  night. 
If  convenient  to  the  operator,  the  head  should  be  kept  on  the 
side — a  point  of  great  importance  if  vomiting  be  likely  to 
arise,  as  in  operations  of  emergency,  intestinal  obstruction,  &c. 
The  clothing  should  always  be  loose,  even  during  the  adminis- 
tration of  nitrous  oxide  for  a  momentary  and  simple  operation. 
Stays  and  waistbands  should  be  loosened  or  removed,  in  order 
that  respiration  may  be  freely  performed. 
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CHAPTER  IV. 

The  Selection  of  the  ANyESTHETic. 

The  selection  of  the  anassthetic  should  be  regulated  by: — 
1.  The  condition  of  the  patient ;  2.  The  nature  and  length  of 
the  operation  about  to  be  [)erformed. 

In  every  case  the  chloroformist  should  carefully  observe 
the  kind  of  patient  entrusted  to  his  care ;  he  should  notice 
how  respiration  is  performed — more  especially  whether  nasal 
respiration  is  present  or  not ;  and  he  should  invariably  feel 
the  pidse  before  connncncing  his  duties.  With  nitrous  oxide 
a  stethoscopic  examination  of  the  chest  is  unnecessary,  unless 
it  is  obvious  from  an  inspection  of  the  patient,  or  from  other 
indications,  that  some  intra-thoracic  affection  exists.  With 
other  anassthetics  it  is  usually  a  good  plan  to  listen  to  the 
chest ;  but  no  prolonged  stethoscopic  examination  need  be 
resorted  to  unless  special  indications  exist. 

Generally  speaking,  nitrous  oxide  is  the  best  anaesthetic 
for  very  brief  operations  ;  and  ether  for  longer  cases.  As 
already  mentioned,  the  disadvantages  connected  with  the 
latter  anesthetic  may  to  a  great  extent  be  removed  by  pre- 
ceding the  inhalation  by  nitrous  oxide  or  the  A.  C.  E.  mixture. 
There  are  of  course  many  cases  in  which  neither  nitrous  oxide 
nor  ether  should  be  given ;  and  the  following  table  has  been 
drawn  up  to  show  these  exceptions. 


Cases  suitable  for  the  A.  C.  E. 
mixture. 

Cases  suitable  for  Chloroform.  (') 

Infants  and  very  young  children. 
Most  patients  above  60  or  65  years  of 
age.  (2) 

Extreme  obesity,  especially  if  asso- 
ciated with  plethora.  (-) 

]Ntost  cases  of  advanced  cardiac  disease. 

Affections  of  tbe  air  passages  orpleurre, 
attended  by  dyspnoea  or  cyanosis. 

Prolonged  nasal  or  oral  operations  (^), 
and  those  with  the  actual  cautery. 

Cases  in  wliich  neither  ether  nor  the 
A.  C.  E.  mixture  is  well  borne. 

Labour. 

Marked  atheroma. 

THE  SELECTION  OF  THE  ANESTHETIC. 
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Xote  on  Abdominal  Section  :  operations  upon  or  near  large  vcnseh,  dec. 

There  are  cases  in  which  the  venous  engorgement  of  ether  might  constitute 
a  serious  difficulty  or  danger,  e.g.,  in  the  removal  of  glands  at  the  root  of  neck, 
tracheotomy,  the  ligature  of  large  arteries,  &c.  In  these  cases  the  A.  C.  E. 
mixture  or  chlorofomi  is,  from  the  point  of  view  of  the  operator,  preferable  to 
ether.  Again,  in  ahdoininil  section,  chloroform  undoubtedly  possesses,  so  far  as 
the  performance  of  the  operation  goes,  advantages  over  ether ;  for  the  respiration 
is  more  tiunquil,  the  engorgement  of  the  parts  is  less,  and  there  is  less  liahilitj' 
to  cough.  Whether  the  advantages  referred  to  should  be  allowed  to  outweigh 
the  one  great  advantage  of  ether — its  greater  safety — is  a  matter  of  opinion. 


(^).  Chloroform  may  with  advantage  be  diluted  with  a  small  quantitj'  of 
alcohol  (page  77). 

(^).  It  is  often  a  good  plan  in  these  cases  to  commence  with  the  A.  C.  E. 
mixture  and  to  continue  with  ether  from  an  Ormsby's  inhaler,  taking  care  not 
to  deprive  the  patient  of  aii-  to  too  great  an  extent. 

(^).  It  is  an  excellent  practice  to  place  the  patient  deeply  under  ether,  and 
subsequently  to  maintain  the  anaesthesia  by  chloroform  administered  through 
the  nose  or  mouth  by  means  of  Junker's  apparatuis. 
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CHAPTER  V. 
The  Administration  of  the  An^icsthetic. 
1.  ether. 

Clover's  Inhaler.— One  of  the  most  convenient  appliances 
for  the  iidininistration  of  ether  is  Clover's  portable  regulating 
inhaler  (Fig.  IG). 

It  consists  of  a  face-piece,  an  ether  chamber,  and  a  bag. 
When  the  face-piece  fits  the  face  accurately,  all  communica- 
tion with  the  outside  air  is  shut  off,  and  the  patient  breathes 

backwards  and  forwards  into 
the  bag.     That  part  of  the 
f^f^'  :i.ii:M/^!^^    apparatus  between  the  face- 


piece  and  bag  consists  essen- 
tially of  a  hollow  sphere  for 
holding  the  ether,  the  latter 
being  poured  into  the  sphere 
through  the  little  projecting 
tube  on  the  side.  One  half 
-clovee's  inhalee.  of  the  sphere  is  surrounded 

by  a  hermetically  sealed 
water-jacket,  thus  giving  the  apparatus  its  well-known  shape. 
By  heating  this  part  of  the  inhaler,  the  \vater  in  the  water- 
jacket  takes  up  and  retains  heat,  thus  causing  a  sufficiently 
brisk  evaporation  of  the  ether  in  the  adjacent  sphere.  AVith- 
out  entering  into  a  detailed  description  of  this  ingenious  appa- 
ratus, it  may  be  said  that,  when  the  ether-chamber  is  made  to 
revolve,  the  inspirations  and  expirations  of  the  patient  are 
thrown  to  the  desired  extent  over  the  ether  contained  in  the 
sphere.  Thus,  when  the  ether-chamber  is  revolved  so  that  the 
indicator  points  to  "  1,"  one-quarter  of  the  current  passes 
over  the  ether  and  the  other  three-quarters  pass  to  and  from 
the  bag  without  being  thus  diverted.  When  the  indicator  is 
at  "  2,"  two-quarters,  or  one-half,  of  the  current  passes  over 
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the  ether.  When  the  indicator  is  at  "  3,"  three-quarters  of 
the  current  are  diverted.  When  the  indicator  is  at  "  F  "  (full), 
four-quarters,  or  the  whole,  of  the  current  is  made  to  pass 
over  the  ether  as  it  travels  between  the  face-piece  and  the 
bag. 

Method  of  using  the  Inhaler. — (1)  In  cold  weather,  and 
when  about  to  angesthetise  powerfully-built  subjects,  place  the 
ether-chamber  m  warm  water  for  three  or  four  minutes.  (2) 
Throw  out  any  water  that  may  have  entered,  and  pour  into 
the  sphere,  by  the  tube  provided  for  the  purpose,  about  an 
ounce  and  a-half  of  ether.  (3)  Turn  the  indicator  to  "  0." 
(4)  Accurately  but  gently  adapt  the  face-piece,  during  an 
expiration,  to  the  face  of  the  patient ;  by  pressing  it  a 
little  more  tightly  during  expiration  than  during  inspiration 
the  bag  will  become  distended  with  expired  air.  (5)  AUow 
the  patient  to  breathe  to  and  fro  for  about  half  a  minute. 
(6)  Very  gradually  rotate  the  ether-chamber,  so  that  the 
"  0 "  on  the  apparatus  moves  gradually,  about  one-eighth 
of  an  inch  at  a  time,  away  from  the  indicator.  (7)  Should 
swallowing  or  coughing  arise,  turn  back  somewhat  till  these 
signs  of  irritation  have  subsided.  (8)  Should  excitement 
or  struggling  occur,  do  not  discontinue  the  administration. 
(9)  When  the  cheeks  and  ears  tend  to  become  dusky  in 
colour,  admit  a  breath  of  fresh  air  by  removing  the  inhaler, 
and  gradually  increase  the  strength  of  the  vapour,  remem- 
bering that  the  more  air  admitted  the  more  ether  must 
be  given  in  order  to  secure  deep  anaesthesia.  (10)  As  a 
general  rule,  the  inhaler  should  be  removed  every  fourth 
or  fifth  respiration  for  a  breath  of  fresh  air  ;  this  rule  will, 
however,  require  modification  in  the  earher  and  later  stages 
of  the  administration ;  in  the  earher  stages  it  wiU  usually  be 
found  advantageous  to  give  somewhat  less  air  than  that 
indicated,  in  the  later  stages  the  inhaler  need  only  be 
applied  occasionally.  (11)  When  once  surgical  anaesthesia 
has  become  established  the  indicator  may  be  kept  at  "  1  " 
or  "  2,"  except  in  the  case  of  very  strongly  built  or  alcoholic 
subjects  who  require  considerable  quantities  of  the  anaesthetic. 
(12)  Watch  respiration  carefully  and  the  pulse  occasionally ; 
should  the  breathing  become  feeble  or  shallow,  or  the  pulse 
weak,  as  it  might  become  in  extremely  feeble  patients,  the 
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ariajsthetic  should  be  discontinued  till  these  symptoms  have 
])assed  off. 

Ormsby's  Inhaler,  which  consists  of  a  face-piece  and  bag, 
between  which  there  is  a  sponge  for  the  reception  of  the 
ether,  although  simpler  in  construction,  possesses  some  dis- 
advantages as  compared  to  Clover's  apparatus.  About  one 
ounce .  of  ether  should,  be  poured  upon  the  sponge,  and  the 
inhaler  should  be  very  gradually  applied  to  the  face,  other- 
wise much  coughing  and  irritation  will  result.  More  ether 
is  used  than  with  Clover's  inhaler,  and  the  depth  of  etherisa- 
tion cannot  be  quite  so  satisfactorily  regulated  as  with  the 
latter  apparatus.  Ormsby's  inhaler  may,  however,  be  em- 
ployed with  advantage  for  rapidly  inducing  etherisation  after 
nitrous  oxide,  the  face-piece  employed  for  the  latter  agent 
being  quickly  replaced  by  the  ether  inhaler ;  and  it  is  equally 
useful  when,  after  having  administered  a  small  quantity 
of  the  A.  C.  E.  mixture  on  an  open  inhaler,  it  is  wished  to 
keep  up  the  anrcsthosia  by  means  of  ether. 

The  simple  felt  cone,  with  a  sponge  at  its  apex,  is  to  bo 
recommended  for  use  in  those  cases  which  require  very  little 
ether  and  a  very  copious  supply  of  air. 


One  of  the  best  inhalers  for  the  administration  of  chloro- 
form is  Junker's  (Fig.  17).    It  consists  of  a  graduated  bottle  for 

the  anaisthetic,  hand- 
(r\  bellows  and  tubes  for 


chloroform    (chloroform  and    alcohol,    or    "bichloride  of 


2.  CHLOROFORM. 


pumping  air  through 
the  chloroform,  and  a 
face-piece  for  the  recep- 
tion and  transmission 
to  the  patient  of  a 
chloroform  vapour  well 
diluted  with  air.  The 
bottle  for  the  anassthe- 
tic  is  suspended  by  a 
hook  from  the  coat 
of  the  administrator. 
About  six  drachms  of 
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methylene")  are  j)l^^cecl  in  the  bottle;  the  face-piece  is 
brought  near  the  face ;  gentle  pressure  is  made  upon  the 
hand-bellows;  and  thus  air  containing  chloroforrn  vapoiir 
is  administered  to  the  patient.  It  is  said  that,  at  a  tempera- 
ture of  55°  Fahr.,  and  with  one  ounce  of  chloroform  in  the 
bottle,  not  more  than  one  and  one-fifth  minim  of  chloroform 
is  vapourised  by  a  single  compression .  of  the  bellows.  With 
imdiluted  chloroform  antesthesia  becomes  established  in  from 
four  to  ten  minutes.  When  once  the  stage  of  surgical  anaes- 
thesia has  been  reached  vigilance  must  be  exercised,  for 
unlilce  ether,  chloroform  tends  to  set  up  symptoms  of  respira- 
tory and  cardiac  depression  if  the  anaesthetic  be  incautiously 
administered.  The  chief  objection  to  Junker's  apparatus  is 
that  it  is  somewhat  difficult  to  watch  the  pulse  whilst  em- 
ployed in  pumping  the  bellows  and  holding  the  face-piece ; 
but  if  the  head  of  the  patient  be  kept  upon  the  side,  the 
face-piece  may  be  retained  in  position  by  means  of  a  loose 
towel  beneath  it,  and  thus  one  hand  of  the  administrator  will 
be  free.  By  the  employment  of  a  flexible  metal  tube  instead 
of  a  face-piece,  anaesthesia  may  be  efficiently  maintained  during 
operations  about  the  mouth  or  nose,  e.g.,  in  staphyloraphy, 
removal  of  tongue,  &c.,  or  the  indiarubber  tube  of  Junker's 
apparatus  may  be  attached  to  a  special  form  of  gag,  possessing 
small  metal  tubes  to  convey  the  chloroform  vapour  to  the 
back  of  the  mouth  during  such  operations  (Hewitt's  gag). 

Chloroform  is  very  commonly  administered  by  dropping 
or  pouring  small  quan- 
tities at  a  time  on  a 
folded  towel  or  piece  of 
lint.  When  administer- 
ing the  agent  without 
any  special  apparatus,  a 
drop-bottle  should  be 
used.  The  accompany- 
ing figure  represents  a 
simple  mask  (known  as 
Skinner's)  and  a  drop- 
bottle  for  the  chloroform 
(Fig.  18).  For  the  safe  employment  of  this  method  all  hurry 
must  be  avoided ;  .  three  or  four  drops  of  chloroform  should 


Fig.  18. — skinner's  mask  and  chxoeofoem: 

DBOP-BOXTLE. 
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at  first  be  given ;  in  a  few  seconds  five  to  ten  more  ;  when 
the  odour  of  the  chloroform  has  nearly  passed  off  five  to  ten 
drops  more  may  be  added,  and  so  on.  Children  require 
smaller  quantities  than  these.  Care  must  be  taken  not  to 
employ  a  saturated  piece  of  lint  or  flannel ;  and  a  copious 
su23j)ly  of  air  is  imperatively  necessary  throughout. 

In  whatever  manner  chloroform  is  administered,  the  anes- 
thetist must  be  careful  not  to  push  the  antesthetic  Avhen  deep 
respirations  accompany  or  follow  the  stage  of  excitement,  for 
it  is  then  that  an  overdose  is  most  likely  to  be  given ;  and 
it  is  a  good  plan,  Avhen  signs  of  surgical  anoesthesia  commence 
to  appear,  to  discontinue  the  administration  for  a  moment 
or  two,  and  allow  a  few  respirations  of  air  to  be  taken  before 
proceeding  with  the  inhalation.  The  pulse  must  be  watched 
throughout,  as  it  frequently  gives  the  first  indication  of  danger. 
The  respiration  should  be  listened  to,  and  the  colour  of  the 
lips  and  ears  observed.  Stertor  should  not  be  allowed  to 
become  too  deep.  The  pupils,  which  are  moderately  con- 
tracted when  surgical  ansesthcsia  is  satisfactorily  established, 
should  be  looked  at  from  time  to  time. 

3.  NITROUS  OXIDE. 

In  administering  nitrous  oxide  it  is  advisable  to  employ 
two  cylinders  of  the  liquefied  agent,  so  that  should  one  fall 


Fig.  19. — CYLINDEES  FOE  NITEOUS  OXIDE. 


short,  or  fail  to  work  during  the  administration,  the  other 
may  at  once  be  turned  on  (Fig.  19).  By  rotating  the  foot- 
key,  nitrous  oxide  gas  is  liberated  and  made  to  pass  through  a 
small  indiarubber  tube  to  a  bag,  from  which  it  may  be  inhaled 
by  means  of  a  face-piece  and  stopcock.  The  accompanying 
drawing  (Fig.  20)  shows  the  most  convenient  arrangement 
for  the  purpose,  the  inspiratory  and  expiratory  valves,  which 
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are  necessary  in  order  to  prevent  re-breathing  of  the  gas,  being 
placed  in  the  stopcock.  As  arranged  in  the  figure,  air  would 
be  breathed  through  the  apparatus  as  indicated  by  the  arrows; 
but  if  the  handle  h  be  moved  round,  nitrous  oxide  Avill  be  in- 
haled from  the  bag  and  escape 
from  the  expiratory  valve  shown 
above.  In  administering  the 
gas  the  following  brief  direc- 
tions should  be  attended  to  : — 
(1)  If  the  operation  is  to  be 
Avithin  the  mouth,  a  small 
"  prop  "  should  be  inserted  be- 
tween the  teeth;  (2)  The  bag 
should  be  half-filled  with  gas ; 
(3)  The  face-piece  should  be 
very  accurately  applied  to  the 
face;  (4)  Air  should  first  be 
breathed  through  the  apparatus;  (5)  The  patient  should  be 
instructed  to  breathe  freely  and  deeply,  and,  whilst  he  is  thus 
breathing  air  through  the  apparatus,  nitrous  oxide  shoidd  be 
turned  on ;  (6)  The  bag  should  be  kept  nearly  fuU  throughout 
the  administration;  (7)  When  signs  of  nitrous  oxide  nar- 
cosis occur  the  face-piece  should  be  removed  or  air  otherwise 
admitted. 


rig.  20. — NITEOUS  OXIDE  APPAEATUS. 


4.  MIXTURES  OF  ANAESTHETICS. 

Nitrous  Oxide  and  Ether. — There  are  several  ways  of 
administering  these  anaesthetics  together,  and  space  will  not 
permit  a  description  of  them.  Whatever  plan  is  chosen,  it 
will  be  found  advisable  to  freely  administer  nitrous  oxide 
before  ether  is  admitted,  and  to  pay  a  due  regard  to  the 
necessity  of  allowing  a  small  quantity  of  air  whilst  proceeding 
from  nitrous  oxide  anaesthesia  to  that  of  ether.  If  no  air 
be  allowed,  respiration  cannot  continue ;  if  too  much  be  given, 
the  patient  will  recover  from  the  effects  of  the  gas,  and  so 
the  very  purpose  for  which  the  latter  was  administered 
will  be  defeated.  Clover's  gas-and-ether  apparatus  is  em- 
ployed by  some ;  others  prefer  to  pass  nitrous  oxide  through 
Clover's  portable  regulating  inhaler,  and  to  turn  on  ether 
whilst  nitrous  oxide  is  being  inhaled;  and,  lastly,  there  are 
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advocates  for  the  plan  of  first  administering  nitrous  oxide  by 
the  ordinary  means,  and  rapidly  changing  the  gas  apparatus 
for  a  previously  charged  Ormsby's  ether  inhaler. 

The  A.  C.  E.  Mixture. — This  mixture  should  be  adminis- 
tered in  small  quantities  at  a  time,  with  a  copious  supply  of 
air.  A  Skinner's  mask  will  suffice  for  children,  and  for  Avcakly 
adults ;  but  in  the  case  of  stronger  persons  some  kind  of  felt 
or  leather  cone,  provided  with  a  small  sponge,  and  permitting 
a  free  supply  of  air,  will  be  necessary.  The  quantity  of  the 
mixture  which  should  be  added  at  one  time  should  be  regu- 
lated by  the  age  and  strength  of  the  patient.  With  children 
and  feeble  persons,  sprinkhng  from  a  drop-bottle  upon  the 
mask  or  cone  will  be  sufficient ;  but  with  more  vigorous 
individuals  half-drachm  doses  will  be  required  to  secure 
satisfactory  anaesthesia.  It  is  a  bad  plan,  and  one  hkely  to  be 
followed  by  evil  consequences,  to  place  a  large  quantity  of  the 
mixture  at  one  time  within  an  inhaler,  for  the  objection  to 
anajsthetic  mixtures  would  thus  at  once  apply.  Nor  should  a 
Clover's  or  Ormsby's  inhaler  be  used,  for  air  limitation  with 
chloroform,  or  any  mixture  containing  chloroform,  is  to  be 
deprecated.  .  The  administration  should  be  maintained  as  if 
chloroform  were  being  employed,  though,  of  course,  a  con- 
siderably larger  quantity  of  the  A.  C.  E.  mixture  than  of 
chloroform  will  be  required  to  produce  anaesthesia.  As  with 
chloroform,  plenty  of  time  (five  to  ten  minutes)  should  be 
taken  in  estabhshing  surgical  anaesthesia. 

Chloroform  and  Alcohol  {"Bichloride  of  Methylene".) — 
Mixtures  of  chloroform  and  alcohol  should  be  administered  in 
a  similar  mamier  to  chloroform.  It  may  be  as  well,  however, 
to  point  out  that,  with  Junker's  inhaler,  difficulty  may  some- 
times be  experienced  in  anaesthetising  by  means  of  chloroform 
diluted  with  as  much  as  one-fifth  or  so  of  alcohol,  except  in 
the  case  of  children.  The  so-caUed  "  bichloride  of  methylene," 
which  appears  to  consist  of  chloroform  diluted  with  methylic 
alcohol,  should  be  administered  with  all  the  care  and  precau- 
tion which  are  essential  in  giving  undiluted  chloroform. 
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CHAPTER  VI. 

The  Chief  Difficulties  and  Dangers  connected  with 
THE  Anesthetic  State — their  Management  and 
Treatment. 

The  administrator  should  have  at  hand  the  following 
apphances  and  remedies  in  case  of  need : — Tongue  forceps, 
Mason's  gag,  nitrite  of  amyl  capsules,  brandy,  liq.  ammon.  fort., 
a  hypodermic  syringe,  and  instruments  for  tracheotomy.  In 
mouth  operations  he  should  also  have  several  sponges,  firmly 
fixed  in  strong  sponge-holders. 

However  skilful  the  administrator  may  be,  he  will  be 
certain  to  meet  with  difficulties  fi'om  time  to  time,  and  he 
should  therefore  ever  be  on  the  alert,  even  in  cases  which 
appear  to  be  of  the  most  simple  nature.  Very  nervous 
patients  require  encouragement,  and  should  be  instructed  how  to 
inhale  the  anaesthetic.  Should  excitement  or  strugghng  occur 
under  nitrous  oxide  or  ether,  the  anaesthetic  may  unhesitatingly 
be  pushed ;  but  with  chloroform,  or  the  A.  C.  E.  mixture, 
much  caution  is  requisite  at  this  stage,  and  a  very  copious 
supply  of  air  must  be  allowed.  It  is  best  not  to  restrain  the 
patient's  movements,  unless  there  is  a  fear  of  his  injuring 
hunself,  or  mterfering  with  the  administration.  Coughing 
and  swallowing  in  the  very  early  stages  point  to  too  strong  a 
vapour,  and  they  should  be  met  by  a  diminution  in  the 
strength  of  the  ansesthetic.  Should  they  tend  to  arise, 
however,  after  surgical  antesthesia  has  become  established, 
they  should  be  met  by  increasing  the  strength  of  the  vapour 
as  quickly  as  the  circumstances  will  permit.  Vomiting,  which 
will  not  take  place  if  the  anassthesia  be  profound,  is,  practically 
speaking,  always  preceded  by  acts  of  deglutition,  and  when 
such  acts  occur  the  depth  of  the  anaesthesia  must  at  once 
be  increased  if  it  be  desired  to  avert  vomiting.  With  ether 
there  is  no  danger  in  thus  rapidly  producing  deeper  narcosis ; 
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but  this  cannot  be  said  so  confidently  of  chloroform.  Difficulty 
is  sometimes  experienced  in  producing  full  surgical  anaesthesia, 
some  patients  requiring  very  large  doses  of  the  aniesthetic 
before  perfect  quietude  is  secured.  Should  this  occur  with 
nitrous  oxide,  the  admixture  of  a  small  quantity  of  air,  by  the 
side  of  the  face-piece  or  elsewhere,  may  be  suspected.  It  is 
well  known  that  many  fatahties  have  occurred  with  chloroform 
during  or  immediately  after  the  stage  of  excitement,  the 
explanation  being  that  the  patient,  having  had  but  Uttle  air 
for  some  moments,  by  reason  of  the  breath  havmg  been  held, 
inhales  with  the  following  deep  respirations  a  large  quantity 
of  chloroform,  and  as  the  inhalation  of  chloroform  during 
even  a  minor  degree  of  asphyxia  is  highly  dangerous,  serious 
consequences  may  follow.  Should  it  be  found  difficult  to 
secure  full  surgical  anaesthesia  with  ether,  a  sponge  wrung  out 
of  hot  water  may  be  applied  to  the  sides  of  Clover's  inhaler, 
in  order  to  get  a  sufficient  quantity  of  ether  evaporated,  and 
air  should  be  sparingly  admitted  for  a  time,  unless  contra- 
indications exist.  Just  as  there  are  patients  who  require 
large  doses  of  an  anajsthetic,  so  there  are  others  who  display 
an  opposite  pecuharity.  The  weaker  and  more  fragile  the 
patient,  the  more  rajsidly  will  the  anaesthetic  produce  its 
effects.  Antemic  and  debihtated  individuals,  more  especially 
if  advanced  in  years,  will  be  found  to  exhibit  very  different 
effects  from  those  which  have  been  described  as  taking  place 
in  healthy  and  vigorous  subjects. 

Respiration  should  be  carefully  listened  to  from  the 
commencement  to  the  end  of  the  administration.  Whenever 
it  is  difficult  to  hear  the  breathing  the  administrator  should, 
by  other  means,  make  certain  that  it  is  proceeding  in  a  satis- 
factory manner,  bearing  in  mind  the  fact  that  movements  of 
the  chest  and  abdomen  will  continue  for  a  time  if  the  air- way 
is  completely  obstructed.  It  is  important  that  the  aniesthetist 
should  recognise  the  two  distinct  ways  in  which  respiration 
may  fail  during  anaesthetic  sleep.  It  may  fail — (1)  in  conse- 
quence of  some  mechanical  impediment  to  the  entry  and  exit 
of  air;  or  (2)  independently  of  any  such  obstruction  in  the 
air-way,  i.e.,  from  feebleness  or  paralysis  of  the  respiratory 
mechanism. 

Obstructive  Respiratory  Failure. — When  it  is  obvious  that 
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there  is  some  obstruction  to  breathing,  we  must  at  once 
endeavour  to  discover  the  cause.  An  adventitious  substance 
may  be  present — mucus,  blood,  pus,  vomited  matters ;  a  purely 
anatomical  reason  may  exist — the  tongue,  or  epiglottis,  may, 
by  reason  of  the  position  of  the  head  or  lower  jaw,  be  in 
contact  with  the  pharynx  ;  such  a  degree  of  vascular  engorge- 
ment and  swelling  of  the  tongue  or  other  parts  in  the  upper 
air-passages  may  have  arisen  as  to  prevent  the  proper  entry  of 
air ;  or,  lastly,  laryngeal  spasm  from  too  strong  a  vapour  or 
other  causes  may  have  been  produced.  To  carefully  maintain 
a  free  air-way  is  of  paramount  importance.  With  regard  to 
blood,  vomited  matters,  &c.,  entering  the  larynx,  the  adminis- 
trator should,  whenever  there  is  a  possibihty  of  this  occurring, 
strive  to  keep  the  patient's  head  well  turned  to  the  side,  and 
to  remove  all  blood,  &c.,  from  the  back  of  the  throat  by 
repeated  sponging.  In  operations  in  or  about  the  mouth  or 
nose,  accompanied  by  free  htemorrhage — e.  g.,  removal  of  the 
superior  maxilla — -the  position  indicated  should  be  carefully 
mamtained,  if  convenient  to  the  operator ;  or  the  head  should 
be  throAvn  very  far  back  over  the  edge  of  the  table.  In 
the  removal  of  post-nasal  adenoids  by  means  of  the  "  arti- 
ficial nail,"  it  is  a  good  plan  to  put  the  patient  under  ether, 
gently  raise  him  to  the  sitting  position,  and  keep  the  head  and 
shoulders  weU  forward  durmg  the  operation,  so  that  blood, 
&c.,  may  freely  drain  away  through  the  mouth  and  nose.  In 
aU  mouth  and  nose  cases,  with  free  haemorrhage,  anaesthesia 
should  never  be  very  profound,  except,  perhaps,  just  at  first ; 
coughing  and  swallowmg  should  be  allowed  to  occur  occasion- 
ally, and  the  operator  should  not  object  if  the  unconscious 
patient  is  a  little  restless  at  times.  In  connection  with  the 
anatomical  conditions  which  may  obstruct  breathing,  these 
may  usually  be  easily  removed,  either  by  throwing  the  head 
weU  backwards,  thus  removing  the  back  of  the  tongue  and 
the  epiglottis  from  the  pharynx  and  larynx ;  or  pushing  the 
lower  jaw  forward,  which  has  the  same  effect  and  is  more 
easily  done ;  or  by  placing  a  smaR  mouth-prop  between  the 
teeth,  if  nasal  respiration  be  inadequate;  or  by  separating 
the  lips  of  edentulous  patients,  &c.  Should  it  be  found, 
prior  to  the  operation,  that  nasal  obstruction  is  present,  the 
aniesthetist  should  insert  a  small  mouth-prop  between  the 


94 


OFEBATIVE  SURGERY. 


teeth  before  commencing  the  administration;  and  he  may 
with  advantage  adopt  a  similar  precaution  in  the  case  of 
plethoric,  short-necked  patients,  who,  as  already  explained, 
are  liable,  more  especially  under  ether,  to  suffer  from  transient 
difficulties  of  respiration.  Loud  snoring  is  often  due  to  a 
swollen  tongue,  which  vibrates  against  the  pharynx,  and  when 
it  occurs  it  is  advisable  to  keep  the  lower  jaw  pressed  well 
forward,  in  order  to  prevent  obstructed  breathing.  With  all 
antesthetics  it  will  be  found  a  good  plan  to  adopt  a  similar 
course,  should  any  tendency  to  embarrassed  breathing  arise. 
Laryngeal  spasm,  which  is  known  by  high-pitched  crowing 
resf)iration,  often  results  from  too  strong  a  vapour,  and  is  to  be 
met  by  withdrawing  the  aniiesthetic  till  the  spasm  has  passed  off'. 
It  may,  however,  be  the  reflex  result  of  certain  operative  pro- 
cedures during  moderately  deep  anaesthesia,  and  may  lead,under 
chloroform,  to  circulatory  depression  in  a  short  space  of  time. 
Uterine,  pelvic,  and  rectal  operations  arc  the  most  likely  to 
initiate  this  condition,  and  hence  deep  anicsthesia  is  always  ad- 
visable in  such  cases.  Should  the  above-mentioned  manceuvres 
fail  to  relieve  the  obstruction  Avhich  is  present,  the  mouth  should 
at  once  be  opened,  and  the  tongue  pulled  forcibly  forward,  when 
breathing  will  almost  certainly  recommence.  If,  however, 
respiration  does  not  take  place,  forcible  pressure  upon  the  chest 
should  be  made,  Avith  the  object  of  overcoming  any  obstruc- 
tion in  or  about  the  larynx.  If  air  cannot  thus  be  forced  out 
of  the  chest,  any  further  attempt  at  artificial  respiration  will 
probably  be  useless.  Still,  the  arms  may  be  extended  once  or 
twice  by  Silvester's  method,  and  if  no  beneficial  result  follow, 
tracheotomy  should  be  performed,  and  artificial  respiration  at 
once  commenced.  No  attention  need  be  paid  to  the  pulse 
when  respiration  obviously  fails  in  consequence  of  some 
obstruction;  otherwise  delay  in  overcoming  the  obstruction 
will  arise. 

Non-obstnictive  Failure  of  Respiration.— The  other  form 
of  failure  of  respiration  is  of  a  wholly  different  nature,  for  it 
occurs  independently  of  any  obstruction,  and  is  characterised 
by  a  more  or  less  gradual  cessation  of  all  thoracic  and  abdo- 
minal respiratory  movements.  Although  such  failure  usually 
proceeds  from  feebleness  or  actual  paralysis  of  the  nervous 
mechanism  of  respiration,  other  factors  are  sometimes  present. 
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For  excample,  the  bony  framework  of  the  chest  may,  from 
senile  or  other  changes,  fail  to  respond  in  a  satisfactory  man- 
ner to  the  demands  made  upon  respiration ;  or  the  respiratory 
muscles  may  be  weak  and  similarly  unfitted  for  any  unlooked- 
for  exertion ;  or  lastly,  by  reason  of  pre-existmg  pulmonary  or 
pleural  disease,  the  performance  of  the  necessary  respiratory 
movements  may  become  a  matter  of  difficulty  or  even  impos- 
sibility. Respiratory  failure  of  this  kind  is  most  common 
under  chloroform,  though  it  may  arise  under  nitrous  oxide 
or  ether.  It  usually  co-exists  with  feeble  cardiac  action  and 
low  vascular  tension,  sometimes  being  apparently  dependent 
upon  these  conditions,  as  for  example  in  the  case  of  shock 
from  loss  of  blood  and  other  causes.  Syncope- occurring  upon 
the  operating-table  and  arising  from  one  or  other  of  the 
conditions  to  be  presently  described  may,  if  the  administrator 
be  watching  the  breathing,  first  show  itself  by  feeble  respiration. 
With  regard  to  the  direct  effects  of  anaesthetics  upon  respira- 
tion, the  late  Hyderabad  Commission  have  shown  that  chloro- 
form, when  administered  to  the  lower  animals  in  toxic  doses, 
lowers  vascular  tension  and  paralyses  respiration,  the  action 
of  the  heart  continuing  after  actual  cessation  of  breathing  has 
taken  place.  It  is  urged  by  the  Commission  that  this  se- 
quence of  events  occurs  in  the  human  subject ;  and  it  is  pro- 
bable that,  when  respiration  ceases  pttreiy  from  the  direct 
effects  of  chloroform,  the  heart  may  continue  beating,  though 
feebly,  for  a  brief  space  of  time.  The  practical  conclusion 
arrived  at  by  the  Hyderabad  Commission  is  that  when  ad- 
ministering chloroform  the  whole  attention  should  be  directed 
to  respiration  and  that  the  pulse  should  be  disregarded.  As 
will  be  presently  shown,  however,  the  pulse  may  often  give 
very  early  indications  of  impending  danger,  and  for  this 
reason  should  be  carefrilly  watched  in  administering  chloro- 
form. Shallow  or  imperceptible  breathing,  Av^ith  cyanosis,  is 
nearly  always  associated  with  an  extremely  feeble  pulse,  but  this 
combination  of  symptoms  is  much  more  pronounced  under 
chloroform  than  under  ether.  If  ether  be  administered  to  a 
poisonous  extent,  gradual  failure  of  respiration  will  occur ;  but, 
by  reason  of  the  stimulant  effect  of  ether  upon  the  heart,  the 
patient  may  nearly  always  be  rescued  by  artificial  respiration. 
The  first  remedy  which  should  be  applied  in  all  these  cases 
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is  artificial  respiration,  commenced  by  a  compression  of  the 
thorax.  In  minor  cases,  after  two  or  three  compressions, 
breathing  will  recommence,  and  may  be  further  stimulated  by 
flicking  the  chest  with  a  wet  towel,  or  by  briskly  rubbing  the 
lips  and  cheeks  of  the  patient  with  a  dry  cloth.  If,  however, 
this  should  not  be  the  case,  systematic  artificial  respiration  by 
Silvester's  method  should  be  resorted  to,  and  sedulously  mam- 
tained,  even  though  the  threatening  symptoms  were  originally 
cardiac.  Whilst  artificial  respiration  is  thus  proceeding,  nitrite 
of  amyl  may  be  applied  to  the  nostrils,  and  other  remedial 
measures  appropriate  in  syncope  may,  be  resorted  to  if  deemed 
advisable.  The  tongue  forceps  need  not  be  used  if  it  is  obvious 
that  a  free  air-current  to  and  from  the  chest  exists ;  but  care 
should  of  course  be  taken  to  maintain  this  free  air- way  during 
artificial  respiration.  The  latter  should  be  continued  for  at 
least  an  hour,  or  for  longer  if  any  signs  of  animation  can  be 
detected. 

Cardiac  Failure. — The  circulation  may  become  enfeebled 
or  actually  arrested  during  the  administration  of  an  anaes- 
thetic. Generally  speaking,  the  weaker  the  patient  the  more 
likely  win  the  heart  be  to  show  signs  of  failure.  Putting  aside 
morbid  cardiac  and  pulmonary  conditions,  there  is  cHnical 
evidence  to  show  that  failure  of  the  heart  during  antesthesia 
may  arise  in  at  least  four  ways  :  viz.,  (1)  reflexly ;  (2)  during 
incidental  asphyxia ;  (3)  from  loss  of  blood  or  other  exhaust- 
ing influences ;  and  (4)  as  the  result  of  an  excessive  dose  of 
the  ansesthetic.  Temporary  reflex  arrest  of  the  heart's  action 
may  take  place  under  all  anaesthetics,  more  especially,  it  is 
said,  if  the  anaesthesia  be  not  profound.  The  severer  cases 
of  reflex  syncope  would  seeui,  however,  to  be  met  with  chiefly, 
if  not  exclusively,  under  chloroform.  With  regard  to  the 
-asphyxial  element  during  anaesthesia,  it  may  be  said  that  under 
chloroform  the  deprivation  of  air  even  in  a  minor  degree  may 
be  followed  by  serious  cardiac  depression ;  whereas  with  ether, 
unless  the  patient  be  much  exhausted,  a  moderate  limitation 
of  air  is  not  likely  to  be  attended  by  evil  consequences.  We 
may  speak  of  the  cardiac  depression  which  may  thus  be  in- 
duced as  "  asphyxial  syncope " — a  condition  which  Avould 
seem  to  depend  upon  an  over-distension  of  the  right  cavities 
of  a  feebly-acting  heart.    With  reference  to  cardiac  failure 
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occurring  in  persons  exhausted  by  loss  of  blood,  in  prolonged 
exposure  upon  the  operating-table,  and  in  patients  weakened 
by  previous  disease,  little  need  be  said,  as  the  symptoms  are 
usually  independent  of  the  antesthetic.  The  question  as  to 
the  direct  eifect  of  chloroform  upon  the  heart  is  too  complex 
to  be  satisfactorily  discussed  here.  It  may  be  said,  however, 
that  it  is  now  established  as  a  fact  that,  in  the  lower  animals, 
final  arrest  of  the  heart  from  an  overdose  of  chloroform  is 
always  secondary  to  respiratory  failure.  With  reference  to 
nitrous  oxide,  and  to  ether,  when  administered  in  poisonous 
doses,  there  can  be  Httle  doubt  that  the  cardiac  movements 
continue  till  after  respiration  has  ceased.  Chloroform,  how- 
ever, undoubtedly  lowers  the  action  of  the  heart  after  a  tem- 
porary stimulation,  and  predisposes,  so  to  speak,  to  cardiac 
depression  from  a  variety  of  causes.  Toxic  symptoms  of  a 
poisonous  overdose  of  chloroform  sometimes  manifest  them- 
selves so  rapidly  that  it  becomes  impossible  to  say  when 
cardiac  action  ceases.  The  administrator  should  accustom 
himself  to  observe  the  pulse  as  frequently  as  is  practicable, 
and  this  is  more  especially  necessary  with  chloroform. 
Should  it  become  very  feeble,  slow,  irregular,  or  intermittent, 
the  antesthetic  must  be  Avithdrawn  and  fresh  air  freely  ad- 
mitted till  improvement  occurs.  Those  who  recommend  that 
no  attention  should  be  directed  to  the  pulse,  but  that  the 
respiration  only  should  be  watched,  are  not  so  likely  to  obtain 
early  indications  of  approaching  danger  as  those  who  keep  a 
sharp  look-out  for  changes  in  the  character  of  the  pulse.  In 
asthenic,  cachectic,  or  hectic  subjects,  in  patients  suffering  from 
shock,  in  fatty  degeneration  or  other  advanced  affections  of 
the  heart,  and  in  persons  who  have  lost  a  considerable  quan- 
tity of  blood  duruag  the  operation,  the  pulse  should  be  care- 
fully watched.  As  abeady  mentioned,  asthenic  subjects  re- 
cpiire  very  little  of  any  amesthetic,  and  are  highly  intolerant 
of  any  deprivation  of  air.  Speaking  generally,  should  the 
pulse  gi-adually  grow  weaker  and  more  rapid,  the  face  and 
lips  paler,  the  extremities  colder,  the  eyelids  fail  to  close- 
symptoms  not  infrequently  met  with  in  prolonged  operations 
upon  weakly  subjects,  the  administrator  should  be  careful  not 
to  keep  his  patient  too  deeply  antesthetised ;  he  should  see 
that  the  head  is  low. and  that  the  patient  is  kept  as  warm  as 

H 


98 


OPERATIVE  SURGERY. 


possible ;  and  he  should  of  course  warn  the  operator  of  the 
patient's  condition.  If,  under  such  circumstances  as  these, 
completion  of  the  operation  is  lU'gently  called  for,  an  enema 
(an  ounce  of  brandy  to  two  or  three  ounces  of  warm  water) 
may  be  given  with  advantage  ;  and  cloths  wrimg  out  in  very 
hot  water  may  be  applied  to  the  head.  These  measures 
will  usually  suffice  to  tide  over  the  remaining  period  of  the 
operation.  If,  however,  the  pulse  should  become  impercept- 
ible at  the  wrist,  and  the  pupils  dilated,  the  operation  should 
be  discontinued,  the  head  lowered,  the  legs  elevated,  a 
broken  capsule  of  nitrite  of  amyl  or  a  cloth  moistened  with 
a  few  drops  of  liq.  anunon.  fort,  held  to  the  nostrils  of  the 
patient.  It  occasionally  happens,  more  especially  Avith 
chloroform,  that  syuiptoms  of  cardiac  depression  come 
on  more  suddenly  than  the  preceding  description  would 
suggest.  Under  such  circumstances  the  anaesthetist  should 
at  once  forcibly  compress  the  loAver  ribs  and  proceed  with- 
out delay  to  artificial  respiration  by  Silvester's  method.  He 
should  at  the  same  time  direct  that  the  legs  be  raised  as 
much  as  possible  and  the  head  lowered,  and  a  few  drops  of 
nitrite  of  amyl  administered.  He  himself  should  attend  to 
nothing  save  the  artificial  respiration.  Cases  of  moderate 
severity  will  usually  yield  to  these  measures  in  a  short  time ; 
but  should  this  not  be  the  case,  artificial  respiration  must  be 
maintained  for  at  least  an  hour.  Sudden  chloroform  sjTicope 
in  children  may  often  be  successfully  treated  by  merely  in- 
verting the  patient,  but  the  inversion  should  as  a  rule  be 
supplemented  by  artificial  resj^iration. 
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part  III. 

LIGATURE  OF  ARTERIES. 

CHAPTER  I. 

General  Considerations. 

History  of  the  Ligature. — The  use  of  the  hgatiire  as  a 
hieinostatic  dates  from  the  very  earhest  times. 

It  was  advised  by  Celsiis,  who  flourished  in  the  tirst 
century.  "  The  bleeding  vessels,"  he  wrote,  "  are  to  be  taken 
up,  and  two  hgatures  to  be  applied,  one  on  each  side  of  the 
wound,  and  then  to  be  divided  between  the  ligatures." 

It  is  mentioned  by  succeeding  authors— by  Galen  in  the 
second  century,  by  Aetius  in  the  fifth,  by  Rhazes  in  the  tenth. 
Each  Aniter  quotes  the  authority  of  his  predecessor,  or  speaks 
of  the  procedure  as  emanating  from  Celsus  or  Galen.  In  spite 
of  the  fact  that  some  writers  on  medicine  and  surgery  in  the 
eleventh,  tweKth,  and  thirteenth  centuries  still  give  an  account 
of  the  ancient  use  of  the  ligature  as  described  by  Celsus  and 
his  followers,  the  practice  does  not  appear  to  have  become 
general.  In  the  sixteenth  century  at  least  the  securing  of 
arteries  by  ligature  as  a  practical  measure  was  unknown. 
The  bleeclmg  after  amputation  Avas  checked  by  styptics, 
"  agglutinatives,"  or  the  actual  cautery,  and  to  Ambrose  Pare 
is  certainly  due  the  credit  of  introducing  the  ligature  definitely 
into  surgical  practice. 

So  novel  was  Pare's  proposal  that,  although  he  was  familiar 
with  the  use  of  the  ligature  as  described  by  the  ancients,  he 
regarded  his  invention  as  quite  phenomenal.  "  I  think  it  was 
taught  me,"  he  writes,  "  by  the  special  favour  of  the  sacred 
Deity;  for  I  learnt  it  not  of  my  masters,  nor  of  any  other, 
neither  have  I  at  any  time  found  it  used  by  any."  This  was 
in  the  year  1564.  This  very  important  element  in  jjractical 
H  2 
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surgery  was  very  slowly  accepted.  The  great  English  surgeon, 
Wiseman,  writing  more  than  one  hundred  years  later,  recom- 
mended the  use  of  a  "  royal "  styptic,  or  the  cautery,  in  the 
place  of  the  ligature. 

Sharp,  writing  in  1761,  takes  pains  to  especially  advocate 
the  use  of  the  ligature  for  the  arrest  of  bleeding,  because  "  it 
Avas  not  as  yet  universally  practised  among  surgeons  residing 
in  the  more  distant  counties  (of  England)." 

Antyllus,  who  flourished  in  the  fourth  century,  is  reputed 
to  have  treated  aneurysm  by  lirst  ligaturing  the  artery  above 
and  below  the  tumour,  and  then  evacuating  the  contents 
of  the  sac.  He  was  careful  to  isolate  the  vein,  and  passed 
the  thread  by  means  of  a  needle  directed  by  a  probe. 

Anel  ligatured  the  brachial  artery  in  1710,  for  a  traumatic 
aneurysm  at  the  bend  of  the  elbow,  applying  the  thread  close 
to  the  tumour.  In  December,  1785,  John  Hunter,  after  many 
experiments  and  carefid  investigation  of  the  whole  subject, 
ligatured  the  femoral  artery,  in  what  is  now  known  as  Hunter's 
canal,  for  the  cure  of  popliteal  aneurysm. 

From  this  time  dates  the  modern  method  of  treating 
aneurysm  by  ligature. 

In  the  early  days  of  the  ligatiu'e  the  method  known  as 
"  mediate  ligation  "  was  employed ;  that  is  to  say,  the  tissues 
surrounding  the  artery  were  also  included  in  the  ligature,  and 
the  vessel  was  thus  compressed  through  the  medium  of  those 
structures.  It  was  Deschamps  who,  in  1797,  first  insisted  that 
the  artery  should  be  Avell  and  completely  isolated  before  the 
ligature  was  tied,  and  with  him  must  rest  the  credit  of  the 
introduction  of  the  present  method  of  "  immediate  ligation." 

The  introduction  of  catgut  as  a  ligature  material,  by  Sir 
Joseph  Lister,  and  the  employment  of  antiseptic  measures 
in  the  treatment  of  wounds,  has  greatly  modified  the  dangers 
of  the  operation. 

The  silk  ligature  was  left  in  place  mitil  it  had  cut  through 
the  vessel.  Its  extremity*  was  allowed  to  hang  out  of  the 
wound.  It  acted  as  a  seton.  Primary  heahng  was  not 
possible ;  and  secondary  haemorrhage,  and  the  evils  attending 
suppuration,  were  quite  common. 

The  use  of  animal  ligatures,  which  could  be  absorbed  in 
due  course,  and  which  would  introduce  no  septic  influence 
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into  the  wound,  altered  the  aspect  of  the  operation.  The 
aminal  ligature  appears  to  have  been  first  introduced  in  1814 
by  Dr.  Physick,  of  Philadelphia.  He  used  httle  strips  of 
chamois  leather  which  had  been  rolled  upon  a  slab  until 
they  were  hard  and  round.  The  Hgature  was  cut  short, 
and  was  never  seen  again  in  those  wounds  which  healed 
by  first  intention.  These  ligatures  appear  to  have  been  em- 
ployed in  the  United  Kingdom  together  with  other  experimental 
forms  of  animal  ligature'  Sir  Astley  Cooper  tied  the  femoral 
successfully  with  'catgut,  while  Dr.  McSweeny,  of  Cork,  re- 
commended silkworm  gut.  Silk  was,  however,  the  regular 
material  employed,  until  Lister  definitely  mtroduced  catgut, 
and  estabhshed  the  properties  and  determined  the  prepara- 
tion of  that  substance. 

The  materials  more  recently  introduced  are  ligatures  of  ox 

aorta  and  of  kangaroo  tendon. 

A  very  valuable  contribution  to  the  history  of  this  subject 

is  afforded  by  Mr.  Hohnes  in  the  British  Medical  Journal  for 

November  15th,  1890. 

Instruments  required. — The  following  is  the  list : — 1, 

Scalpel ;  2,  two  pairs  of  dissectmg  forceps ;  3,  wound  hooks ; 

4,  retractors ;  5,  long  toothed  forceps ;  6,  pressure  forceps ;  7, 

aneurysm  needle ;  8,  ligature ;  9,  artificial  light. 

1.  The  scalpel  should  be  small,  and  of  the  pattern  already 
described.  A  stout  instrument  may  be  used  for  the  skin 
incision,  a  finer  for  opening  the  sheath. 

2.  The  tissues  are  often  very  conveniently  divided  between 
two  pairs  of  dissecting  forceps,  one  pair  being  held  by  an 
assistant. 

3.  Small  blunt  hooks,  Avith  long  shafts,  are  most  con- 
venient as  retractors,  especially  to  draw  nerves  and  tendons 
out  of  the  way.  Their  use  is  well  illustrated  in  the  operation 
for  securing  the  hngual  artery. 

4.  Good  retractors  are  needed  when  deeply-seated  vessels 
are  concerned.  In  securing  the  iliac  arteries  especially, 
broad  copper  spatulaj  and  large  rectangular  retractors  are  of 
use. 

5.  The  sheath  may  be  in  most  cases  quite  conveniently 
picked  up  by  ordinary  dissecting  forceps.  In  the  case  of  deep- 
seated  arteries,  however,  longer,  finer,  and  neater  instruments 
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are  required,  and  of  these  the  tinely-toothed  forceps  are  the 
most  convenient. 

Specially  long  forceps  are  needed  for  securing  the  iliac 
arteries. 

6.  As  the  wound  must  be  as  bloodless  as  possible,  pressure 
forceps  are  very  necessary.  If  the  bleeding  vessel  be  carefully 
picked  up,  and  the  forceps  be  allowed  to  remain  long  attached, 
the  hiemorrhage  will  usually  be  checked  without  the  need  of  a 
ligature. 

7.  The  aneurysm  needle  must  be  well  made  and  well 
polished.  It  need  not  be  too  fine.  In  dealing  with  large 
and  deeply-placed  arteries,  a  very  strong  needle  is  required. 
In  James's  case  of  ligature  of  the  abdominal  aorta  the  needle 
broke  at  its  handle,  the  surgeon  "  little  anticipating  occasion 
for  so  much  force."  Needles  are  not  infrequently  met  with 
made  of  such  indifferent  metal  that  they  bend  under  a  not 
unreasonable  strain. 

The  ordinary  needle  (Fig.  21),  in  which  the  curve  is  simple, 


Fig.  21. — ANEURYSM  NEEDLE. 


and  in  which  the  plane  of  the  handle  is  at  right  angles  to  the 
plane  of  the  blade,  answers  very  well  in  most  cases.  It  appears 
to  have  been  devised  by  Saviard  towards  the  end  of  the  seven- 
teenth century.    The  in,strument  known  as  Syme's  needle 


Fig.  22.— stme'-s  aneukysw  keedi.e. 


(Fig.  22),  in  which  the  "flat"  of  the  handle  and  of  the  steel 
are  on  the  same  plane,  is  preferred  by  many. 

For  not  a  few  deeply -seated  arteries  the  doubly-bent 
needle  of  Dupuytren  (Fig.  23)  is  of  great  service,  if  not,  indeed, 
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essential.  The  curved  part  of  the  needle  is  here  bent  laterally, 
and  is  at  right  angles  to  the  long  axis  of  the  handle.  There 
are  two  forms  of  this  needle— one  bent  to  the  right,  and  the 
other  to  the  left. 

8.  The  best  hgature  material  on  the  whole  is  chroniicised 
catgut.    It  mnst  be  of  rehable  make,  be  strong,  round,  quite 
Hssome,  of  uniform  thickness,  and  per- 
fectly smooth.    The  size  must  be 
regulated  by  the  dimensions  of  the 
vessel  to  be  tied. 

There  is  no  especial  advantage  in 
the  use  of  very  thick  catgut.     The       ^'s-  23.-dupuytken's 

°  ANEURYSM  NEEDLE. 

hgature  to  be  apphed  should  always 

be  selected  with  great  care  and  well  tested. 

It  should  be  allowed  to  soak  for  ten  minutes  or  so  in 
carbohsed  Avater,  and  should  then  be  again  examined  and 
tested.  It  must  be  long  enough  to  be  easily  manipulated. 
Mr.  Holmes  prefers  a  ligature  of  kangaroo  tendon  to  one  of 
catgut,  on  the  ground  that  the  latter  material  is  not  always  of 
quite  rehable  composition. 

Mr.  Holmes  has  given  an  admirable  review  of  the  different 
forms  of  ligature  in  the  paper  already  named. 

On  the  subject  of  the  tendon  hgature  a  paper  by  Mr.  Dent 
{Med.  CI  dr.  Trann.,  Vol.  LXIV.)  may  also  be  consulted.  (For 
a  consideration  of  the  flat  ligature,  .see  "Ligature  of  the 
Innominate  Artery.") 

9.  In  the  exposure  of  deeply-placed  vessels  a  good  light 
in  the  depths  of  the  wound  is  essential.  This  may  be  obtained 
by  means  of  a  reflector,  or,  better  still,  by  the  use  of  a  small 
portable  electric  lamp. 

Position  of  the  Patient.— The  position  of  the  patient  will 
vary  a  little  according  to  the  artery  to  be  tied.  In  general 
terms,  it  may  be  said  that  the  surgeon  should  stand  upon  the 
side  to  be  operated  on,  and  that  the  incision  on  the  right  side 
is  more  conveniently  made  from  above  downwards,  and  on  the 
left  side  from  below  upwards.  The  chief  assistant  stands 
opposite  to  the  surgeon,  and  has  for  his  principal  duty  the 
sponging  and  the  retraction  of  the  parts  of  the  wound. 

The  Steps  of  the  Operation. — These  will  be  considered  in 
the  following  order : — 


104 


OPERATIVE  SURGERY. 


1.  The  line  of  the  artery. 

2.  The  incision. 

3.  The  exposure  of  the  artery. 

4.  The  opening  of  the  sheath. 

5.  The  passing  of  the  hgatiire. 

1.  The  Line  of  the  Artery. — This  line  must  be  very  accu- 
rately defined.  It  may  differ  from  what  is  commonly  given 
as  the  anatomical  line  of  the  vessel. 

For  example,  the  course  of  the  ulnar  artery  is  said  to 
be  represented  by  a  line  drawn  from  the  middle  of  the  bend 
of  the  elbow  to  the  radial  side  of  the  pisiform  bone.  This  line 
scarcely  touches  the  artery,  however,  at  any  one  point.  The 
surgical  line  for  the  lower  two-thirds  of  the  vessel — the  part 
upon  which  a  ligature  may  be  applied — is  represented  by  a 
line  drawn  from  the  tip  of  the  internal  condyle  to  the  radial 
side  of  the  pisiform. 

The  posture  of  the  limb,  also,  is  of  moment.  In  indicating 
the  exact  situation  of  the  femoral  or  brachial  arteries,  for 
instance,  it  is  essential  that  the  limb  should  be  placed  in 
a  certain  position  before  the  line  is  drawn. 

The  size  of  the  artery  should  be  realised.  In  the  sections 
which  foUoAv,  the  dimensions — as  given  by  Quain — are  noted 
in  connection  with  each  vessel. 

The  operator  should  also  be  aware  of  the  possible  variations 
of  the  artery  to  be  exposed. 

2.  The  Incision. — The  incision  should — when  jjossible — 
be  so  placed  upon  the  line  of  the  artery  as  to  avoid  superficial 
veins.  It  is  most  desirable  that  there  should  be  little  bleed- 
ing durmg  the  operation,  that  the  wound  should  be  "dry," 
and  the  view  of  the  dej)ths  not  embarrassed  by  pressure 
forceps. 

The  scalpel  should  be  held  in  what  is  termed  the  dinner- 
Imife  position.  (>Sfe(?  Fig.  13,  page  51.)  The  cut  should  be  freely 
made  and  cleanly  cut.  There  is  a  disposition  to  make  the 
wound  too  small.  A  small  wound  carries  with  it  special 
dangers  and  difficulties,  whereas  a  little  increase  in  the  length 
of  the  skin-cut  does  not  add  to  the  gravity  of  the  procedure. 
It  is  frequently  adduced  as  a  demonstration  of  skdl,  that  such 
and  such  an  artery  has  been  ligatured  through  an  incision  of 
unusually  small  dimensions.    These  exhibitions  of  dexterity 
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ai-e  only  suited  for  the  deadhouse.  While  the  incision  should 
not  be  one  hne  longer  than  is  possible,  it  should  be  long  enough 
to  enable  the  artery  to  be  reached  and  exposed  with  ease  and 
safety.  The  experimenter  on  the  cadaver,  who  ties  the 
common  carotid  through  an  inch  incision,  not  improbably 
includes  the  vagus  nerve  in  his  ligature. 

The  knife  should  be  entered  at  right  angles  to  the  surface, 
and  should  be  in  the  same  position  when  withdrawn.  The 
surface  wound  should  be  of  equal  depth  throughout.  There 
should  be  no  "  tails  "  to  the  cut. 

The  skin  should  be  steadied  with  the  left  hand  while 
the  integuments  are  being  divided. 

After  the  surface  cut  has  been  made,  the  next  step  is  to 
divide  the  deep  fascia,  or  aponeurosis.  This  is  done  by  a  clean 
cut  made  in  the  line  of  the  original  incision,  and  carried  the 
whole  length  of  the  wound. 

A  director  is  not  required  either  at  this  or  any  other  stage 
of  the  operation.  In  the  ligature  of  arteries  the  director  should 
be  avoided  as  an  unnecessary  and  dangerous  weapon.  (See 
jDage  53.) 

When  the  deep  fascia  has  been  exposed  in  a  limb,  the  out- 
lines of  the  underlying  muscles  and  tendons  are  rendered  more 
or  less  distinct.  A  gap  between  two  adjacent  muscles  has 
usually  to  be  followed  in  the  operation.  This  gap  is  very 
commonly  said  to  be  indicated  by  a  white  or  a  yellow  Kne. 
The  "yellow  hne"  is  due  to  the  fat  occupying  the  hollow 
between  the  muscles,  and  is  not  seen  in  wasted  subjects ;  nor 
is  it  clear  in  the  cadaver,  nor  in  a  hmb  Avhich  has  been 
deprived  of  blood  by  Esmarch's  band. 

The  "  white  line  "  is  almost  equally  deceptive ;  it  depends 
upon  a  thickenmg  of  the  fascia  itself,  due  to  the  attachment 
of  an  inter-muscular  septum.  In  ligaturing  the  ulnar  artery 
in  the  forearm,  the  operator  is  instructed  to  seek  for  "  the 
white  tendinous  margin  of  the  flexor  carpi  ulnaris."  That 
white  margin  has  no  real  existence,  nor  is  a  "  white  line  "  in 
the  fascia  by  any  means  constant  in  this  position.  (See  the 
section  on  the  ligature  of  this  artery.)  In  cutting  down  upon 
the  upper  third  of  the  anterior  tibial  artery  also,  the  "  white 
hne"  which  is  supposed  to  guide  the  surgeon  to  that  vessel 
has  a  very  uncertam  existence,  as  is  pointed  out  in  the  account 
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of  that  operation.  Not  infrequently  the  gap  between  the 
muscles  is  indicated  by  an  inter-muscular  artery. 

The  interval  is  best  sought  by  the  sense  of  touch  and 
by  the  left  index  finger.  A  highly-educated  left  index  finger 
is  the  most  valuable  factor  in  the  performance  of  any  operation 
for  the  ligation  of  an  artery. 

The  space  is  to  be  felt  when  it  cannot  be  seen,  and  the 
artery  itself  is  often  more  surely  to  be  recognised  by  the  finger 
than  by  the  eye.  Farabeuf  well  says : — "  C'est  done  les  yeux 
en  I'air  et  le  doigt  dans  la  plaie  qu'il  s'habituera  }\  lier  certaines 
arteres,  une  fois  les  incisions  superficielles  accomplies."  It  is 
especially  when  the  parts  are.  uniforndy  obscured  by  blood 
that  the  value  of  a  practised  forefinger  is  appreciated. 

The  muscular  interspace  is  best  opened  with  the  handle  of 
the  scalpel  or  with  the  finger.  No  attempt  should  be  made 
to  demonstrate  it  by  the  edge  of  the  scalpel  Dissection  is 
here  out  of  place.  The  narrow  and  obscure  tract  of  connec- 
tive tissue  that  leads  down  to  the  artery  is  better  folloAved  by 
the  sensitive  finger  than  by  any  sharp  instrument.  And  here 
again  Farabeuf  advises  well : — "  Mais  il  aurait  tort  de  ne  pas 
se  servir  du  doigt,  du  seul  index  gauche,  delicatement  utilise, 
non  de  tons  les  doigts  des  deux  mains,  comme  le  font  certains 
maladroits  dont  le  faire  devient  ainsi  malpropre,  brutal  et 
gi-ossier.  Sans  le  toucher,  la  ligature  d'une  artere  devient 
le  plus  souvent  une  vaste  dissection ;  ce  n'est  plus  une  opera- 
tion k  traumatisme  limite." 

In  opening  up  the  depth  of  the  wound  the  posture  of  the 
limb  may  be  so  altered  as  to  relax  the  muscles  about  the 
incision.  It  is  better  that  this  should  not  be  done  until  the 
interspace  has  been  well  and  clearly  demonstrated. 

The  deep  part  of  the  wound  should  follow  the  line  of 
the  superficial  incision,  and  should  equal  it  in  extent.  The 
Avound  should  not  be  funnel-shaped. 

Retractors  must  be  freely  used.  Every  means  must  be 
adopted  to  expose  the  depths  of  the  wound  clearly.  All 
bleeding  must  be  checked  as  it  is  encountered.  Small  pieces 
of  the  finest  Turkey  sponge  should  be  employed  to  sponge 
the  wound  and  to  keep  it  dry  to  its  Yary  bottom.  In  efiect- 
ing  this  end  the  part  can  often  be  so  inclined  that  blood  tends 
to  flow  from  the  wound  by  gravitation  rather  than  into  it. 
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Above  all  things,  the  operation  must  be  conducted  step  by 
step.  Each  guiding  point  must  be  well  made  out  before  the 
next  point  is  sought  for.  This  cii'cumstance  is  well  illustrated 
by  the  operation  for  securing  the  hngual  artery. 

3.  TIte  Expos  are  of  the  Artery. — -The  artery  should  be 
sought  for  with  the  iinger.  As  the  tissues  will  be  more  or 
less  evenly  stained  with  blood,  the  tinger^ — in  a  deep  wound 
especially — afibrds  the  best  means  of  differentiating  the  artery, 
the  veins,  and  a  companion  nerve. 

To  the  touch  the  nerves  feel  linn,  resisting,  round,  and 
cord-like.  They  cannot  be  flattened  by  the  pressure  of  the 
linger.  The  veins  greatly  exceed  the  corresponding  arteries 
in  size.  They  often  overlap  these  vessels.  They  feel  soft  and 
}aeldiiig,  and  thin-walled.  They  are  easily  compressed,  and 
when  so  treated  swell  out  upon  the  distal  side.  When  the 
hnger  touches  the  compressed  vein  the  vessel  as  a  tube  can 
scarcely  be  appreciated.-  In  this  respect  it  is  very  different 
from  the  artery.  The  artery  feels  firmer  and  more  elastic.  It 
is  not  unhke  a  thin  indiarubber  tube  to  ■  the  touch.  It  is 
movable,  and  often  shps  about  under  the  linger  in  a  charac- 
teristic manner.  It  can  be  compressed,  but  not  so  readily  as 
the  vein.  When  flattened  out  by  the  hnger,  an  artery  of 
moderate  dimensions  feels  like  a  flat  band  or  thong,  thick  and 
elastic,  and  hollowed  out  a  little  in  the  centre,  so  that  the 
margins  feel  thicker  than  the  median  part.  Above  all,  it 
pulsates. 

There  are  many  fallacies  in  this.  The  pulsations  of  the 
artery  may  be  transmitted  to  the  nerve  (as  in  the  case  of  the 
median  nerve  and  the  brachial),  or  to  the  companion  vein. 
When  the  patient  is  imder  an  anaesthetic,  and  when  the  pulse 
is  feeble,  or  very  rapid,  the  movement  in  the  artery  may  be 
difiicult  to  detect.  If  an  aneurysm  or  pulsating  growth  exist, 
compression  of  the  artery  causes  the  pulsation  in  the  tumour 
to  cease. 

The  artery  when  exposed  is  often  found  much  contracted. 
It  looks  so  much  smaller  than  was  expected,  that  it  may,  in 
such  case,  be  mistaken  for  an  abnormal  vessel. 

In  the  matter  of  the  appearance  of  the  tissues,  the  depth 
of  the  wound — which  is  often  great — and  the  even  tinting  of 
the  parts  with  blood,  render  an  inspection  of  less,  value  than 
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an  examination  Avith  the  finger.  When  the  wound  is  Avell 
opened  up  the  nerves  stand  out  as  clear,  rounded,  white  cords; 
the  veins  are  of  a  purple  colour,  and  of  somewhat  uneven  and 
wavy  contour  ;  the  artery  is  regular  in  outline,  and  is  of  a  pale 
pink  or  pinkish-yellow  tint,  the  large  vessels  being  of  lighter 
colour  than  the  small. 

There  may  be  one  companion  vein  or  two — the  venoi 
comites.  All  arteries  beloAv  the  knee  are  accompanied  by 
venfe  comites.  All  arteries  of  the  arm,  forearm,  and  hand  are 
attended  in  like  manner. 

The  arteries  of  the  trunk,  which  are  of  small  or  of  medium 
size,  are  for  the  most  part  accompanied  by  vena?  comites ;  such 
are  the  pudic,  the  deep  epigastric,  the  deep  circumflex  iliac, 
and  the  internal  mammary. 

The  arteries  in  the  head  and  neck  are  attended  by  single 
veins,  the  only  noteworthy  exception  to  this  being  the  lingual 
artery. 

The  venfe  comites  lie  close  to  the  artery,  one  upon  each 
side  of  it.  They  are  apt  to  communicate  with  one  another 
freely  across  the  vessel  by  means  of  many  transverse  branches. 
When  the  artery  is  placed  between  muscles  which  lie  the  one 
in  front  of  the  other — as  is  the  case  with  the  posterior  tibial 
artery — the  companion  veins  lie  one  on  each  side  of  the 
single  trunk.  Wlien,  however,  the  muscular  interspace  is 
antero-posterior,  as  is  the  gap  between  the  tibialis  anticus  and 
the  extensor  communis  digitorum,  in  which  the  anterior  tibial 
artery  Hes,  the  veins  are  placed  so  that  one  is  in  front  of  the 
artery  and  the  other  behind  it. 

4.  The  Opening  of  the  Sheath. — The  artery  is  now  reached. 
It  remains  to  open  the  sheath,  and  to  clear  a  part  of  the 
vessel  for  the  passage  of  the  aneurysm  needle. 

The  sheath  must  be  opened  with  the  scalpel  with  infinite 
care  and  the  most  dehcate  precision.  The  knife  must  have  a 
perfect  cutting  edge.  A  good  light  is  essential,  and  a  pair  of 
trustworthy  forceps  by  means  of  which  it  is  possible  to  pick 
up  a  fine  fold  of  tissue,  and  hold  it  firmly. 

The  sheath  is  picked  up  over  the  centre,  or  median  part, 
of  the  artery,  in  the  form  of  a  fold  which  is  transverse  to  the 
long  axis  of  the  vessel.  It  must  be  picked  up  cleanly  and 
entirely.    It  is  unwise  to  pick  up  a  longitudinal  fold.    In  the 
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iirst  pkce,  such  a  fold  is  not  so  easily  grasped  nor  so  readily 
raised  from  the  vessel,  and,  in  the  second  place,  the  forceps 
may  catch  up  at  the  same  time  a  longitudinal  fold  of  the 
subjacent  arterial  coat,  or  even  of  one  of  the  veins. 

The  transverse  fold  of  the  sheath  is  then  incised.  The 
cut  should  be  clean,  should  be  made  in  the  long  axis  of  the 
artery,  and  over  the  centre  of  the  vessel.  In  length  it  should 
be  from  5  to  10  m.m. 

When  the  sheath  has  been  well  divided,  the  serous-hke 
space  between  it  and  the  artery  becomes  at  once  evident. 

Before  the  incision  is  made,  the  point  of  the  forceps  may 
be  moved  a  httle  to  and  fro,  to  ensure  the  freedom  of  the  part 
which  is  held  fi'om  any  deep  attachments.  The  sheath  may 
in  this  way  be  really  identified. 

The  blade  of  the  scalpel  should  be  inchned  obliquely,  i.e., 
ynth  the  flat  of  the  knife  towards  the  artery. 

The  fold  of  the  sheath  must  be  held  Avell  up  during  the 
making  of  the  incision.  When  once  a  good  hold  of  the  sheath 
has  been  obtained  by  the  forceps  the  instrument  must  not 
be  shifted. 

In  this  part  of  the  operation  a  director  is  not  only  useless 
but  dangerous.  The  opening  of  the  sheath  with  a  blunt  in- 
strument is  a  proceeding  which  does  not  belong  to  the 
surgery  of  the  present  age. 

The  method  of  picking  up  thje  sheath  with  two  pairs  of 
forceps  (one  of  which  is  held  by  an  assistant),  and  then  of 
cutting  between  the  two  blades,  is  cumbrous,  inconvenient,  and 
not  without  danger. 

5.  The  Pdssing  of  the  Ligature. — The  original  hold  of  the 
forceps  upon  the  sheath  should  not  be  relaxed.  The  surgeon 
now  takes  the  aneurysm  needle  in  his  right  hand,  and  intro- 
duces its  unthreaded  point  between  the  artery  and  the  sheath 
for  the  purpose  of  clearing  the  former.  The  needle  should  be 
held  with  its  concavity  towards  the  vessel,  and  it  should  be 
gently  insinuated  about  half-way  round  the  artery,  being 
passed  under  that  part  of  the  sheath  held  up  by  the  forceps. 

The  sheath  upon  the  opposite  side  of  the  incision  should 
now  be  taken  up  with  the  forceps,  and  the  needle  be  passed 
beneath  the  vessel  so  as  to  clear  the  remaining  portion — the 
deep  part — of  its  surface.    The  needle  will  soon  emerge  in  the 


110 


OPERATIVE  SURGERY. 


wound  upon  the  opposite  side  of  the  artery,  when  it  should 
be  threaded,  and  be  then  withdrawn,  carrying  the  Hgature 
with  it. 

About  one  centimetre  of  the  artery  more  or  less  is  cleared. 
The  needle  should  be  kept  throughout  at  right  angles  to  the 
Hue  of  the  vessel.    It  should  never  be  passed  threaded. 

It  is  the  usual  practice  to  pass  the  needle  from  the  vein. 
A  more  important  rule  is  to  pass  the  needle  from  the  forceps. 

It  is  often  more  convenient  to  pass  it  towards  the  vein. 
If  the  sheath  has  been  well  opened,  and  a  way  for  the  ligature 
carefully  cleared  around  the  artery,  there  can  be  little  excuse 
for  forcing  the  point  of  the  needle  through  the  sheath  into 
the  companion  vessel. 

If  a  large  vein  he  wounded,  the  practice  advised  by 
Mr.  Jacobson  ("  The  Operations  of  Surgery,"  page  986)  in 
the  case  of  wound  of  the  femoral  vein  during  the  hgaturing 
of  the  artery  should  be  carried  out.  "  The  surgeon  must 
not  persist  in  his  attempt  to  tie  the  artery  at  the  spot, 
a  course  which  will  only  end  in  his  inflicting  more  injury 
on  the  vein ;  but  finger-pressure  being  made  on  the  lower 
angle  of  the  wound,  the  artery  is  tied  either  above  or  below 
the  spot  where  the  vein  has  been  injured.  As  soon  as  the 
artery  is  secured  no  further  hsemorrhage  will  take  place,  but 
pressure  may  be  kept  up  by  means  of  a  carboiised  sponge 
over  the  wound  for  a  day  or  two."  A  small  puncture  in  a 
large  vein  may  usually  be  safely  closed  by  picking  up  the 
wounded  part  of  the  wall  and  passing  a  fine  catgut  ligature 
around  it,  as  one  would  tie  up  a  hole  in  a  bag. 

When  venfe  comites  attend  a  deep  artery  of  moderate  size, 
such  as  the  ulnar  or  posterior  tibial,  much  time  may  be 
wasted  and  damage  done  by  a  determined  attempt  to  separate 
the  artery  from  the  veins.  This  is  especially  the  case  when 
many  transverse  connecting  branches  pass  across  the  artery. 
In  such  instances  practice  has  shown  that  no  evil  results  fi'om 
including  the  two  veins  in  the  ligature.  In  dealing  with  still 
smaller  arteries,  such  as  the  lingual,  no  attempt  is  made  to 
avoid  including  the  companion  veins  in  the  ligature. 

It  is  needless  to  say  that  the  greatest  care  must  be  taken 
to  avoid  including  a  nerve  in  the  ligatiu*e.  If  the  sheath  be 
weU  opened,  and  the  needle  be  kept  close  to  the  artery  and 
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be  passed  round  with  ease,  there  is  Uttle  danger  of  inchid- 
ing  a  nerve. 

The  catgut  passed  around  the  artery  should  have  been 
rendered  phable  by  a  short  immersion  in  a  weak  carboUc 
sohition. 

The  hgature  should  be  passed  and  be  tied  exactly  at  right 
angles  to  .the  Une  of  the  artery.  The  knot  should  be  tied 
quietly  and  slowly,  and  not  with  a  vicious  jerk. 

It  should  be  sufficiently  tight  to  rupture  the  inner  coats. 
Care  should  be  taken  that  the  vessel  is  not  dragged  out  of 
place  m  the  tying. 

The  pomts  of  the  two  forefingers  should  meet  upon  the 
artery  as  the  knot  is  being  tied,  and  the  final  strain  upon  the 
ligature  should  be  given  by  placing  the  terminal  knuckles  of 
these  two  fingers  in  contact  and  using  them  as  the  fulcrum 
of  a  lever. 

Messrs.  BaUance  and  Edmunds  have  shown  {Med.  CJdr. 
Traovs.,  Vol.  Ixix.)  that  it  is  not  strictly  necessary  for  success  in 
obliterating  arteries  to  divide  the  inner  coats.  Mr.  Holmes, 
however,  after  an  elaborate  criticism  of  this  point  in  the  paper 
already  alluded  to,  considers 
that  it  is  safer  and  better  to  tie 
the  artery  tightly. 

The  knot  should  be  a  reef- 

Imot  (Fig.  24),  not  a  "  granny." 

The  double-hitch,^  or  surgical  ^g.  24.-Thr  Figure  to  the  right 
knot,    is    not    suitable,    more      shows  a  i^ef  knot,  that  to  the  left  a 

especially  when  catgut  is  em-  ^ 
ployed.  With  this  material  it  may  be  found  to  be  impossible 
or  very  difficult  to  tighten  the  knot  about  the  artery.  More- 
over, the  knot  when  made  with  catgut  forms  a  considerable 
mass,  and  is,  at  the  best,  a  clumsy  method  of  occluding  the 
vessel. 

The  reef-knot,  if  well  tied,  Avill  not  fail 

The  practice  of  applying  a  double  ligature  to  the  artery, 
and  of  dividing  the  vessel  between  them,  has  been  revived 
from  time  to  time  since  Celsus  advised  it.  Abernethy  re- 
introduced the  practice  in  1797,  and  was  strongly  in  favour 
of  it,  as  also  were  Sedillot,  Mannoir,  Cline,  and  others. 
Secondary  haemorrhage  was  observed  to  be  much  less  common 
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after  amputation  than  it  Avas  after  the  application  of  a  ligature 
for  aneurysm,  and  it  was  believed  that,  by  applying  a  double 
ligature  and  dividing  the  vessel  between,  this  tendency  would 
be  lessened.  The  question  is  thus  reviewed  by  MacCormac : — 
"  The  artery  is  able  to  retract  somewhat  on  each  side  after 
division,  the  tension  is  lessened,  and  its  condition  m  conse- 
quence resembles  that  of  a  vessel  tied  on  the  face  of  a 
stump.  The  artery,  too,  under  these  circumstances,  may  be 
tied  nearer  to  its  undisturbed  connections,  a  practice  which  it 
may  be  well  to  adopt  in  cases  where  an  unhealthy  wound 
already  exists,  and  where  the  patient's  general  condition  is 
such  as  to  render  primary  union  of  the  wound  improbable. 

"  The  safety  and  greater  facility  of  employing,  as  a  rule, 
only  a  single  ligature,  are,  however,  amply  demonstrated  by 
experience,  and  the  advantages  of  the  other  method  are  not 
so  considerable  as  to  lead  to  its  general  adoption.  In  cases 
where  the  artery  lies  deeply,  where  the  external  wound  is 
comparatively  small,  and  where  surrounding  structures  are 
important  and  space  limited — as,  for  instance,  near  to  the  iliac 
arteries,  the  innominate,  or  the  subclavian  artery — it  may  be 
quite  impossible  to  isolate  the  vessel  sufficiently  to  apply  two 
ligatures  and  divide  the  artery  between  them.  It  will  also  be 
more  difficult  to  discover  the  end  of  the  divided  artery  if 
secondary  haemorrhage  ensue.  The  presence  of  a  lateral 
branch  may  likewise  occasion  serious  embarrassment,  or 
render  double  ligature  impracticable."  Mr.  Holmes  considers 
that  Abernethy's  proposal  is  "  a  step  backwards." 

The  After-Treatment. — The  superficial  wound  is  closed  by 
sutures,  and  dressed  in  the  usual  way.  No  drainage-tube  is 
required. 

In  the  case  of  the  main  artery  of  one  of  the  extremities, 
the  limb  should  be  kept  absolutely  at  rest,  and  be  a  little 
raised.  The  arm  would  he  outstretched  upon  a  pillow,  the 
lower  limb  woul'd  be  raised  upon  an  incUned  plane.  The 
whole  extremity  is  enveloped  in  cotton  wool,  and  is  kept  warm 
by  hot  bottles.  In  the  case  of  the  ligature  of  vessels  of  the 
size  of  the  iliacs,  the  subclavian,  or  the  common  femoral, 
absolute  rest  should  be  enforced  for  a  period  of  not  less  than 
twenty-one  days. 

The  time  involved  in  the  after-treatment  of  cases  in  which 
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smaller  vessels  have  been  ligatured  may  be  regulated  in  pro- 
portion. The  period  of  compulsory  rest  should  be  longer  in 
old  subjects  than  in  the  young,  and  in  cases  in  which  the 
lower  limb  is  concerned  than  in  the  upper. 

In  the  chapters  which  follow,  the  operation  for  the  ligature 
of  the  chief  arteries  which  come  within  the  field  of  surgery  is 
described 

No  attempt,  however,  has  been  made  to  give  an  account 
of  every  operation  of  this  kind  which  might  possibly  be 
carried  out.  The  operations  upon  the  smaller  arteries  are  per- 
formed to  arrest  or  to  prevent  htemorrhage ;  the  circumstances 
of  such  operations  are  simple,  are  influenced  mainly  by  the 
condition  of  the  wound  or  injury,  and  need  no  detailed 
description.  Almost  every  minor  artery  in  the  body  has  been 
at  one  time  or  another  secured,  but  the  simple  anatomical 
conditions,  and  the  common  surgical  principles  involved  in 
these  procedures,  would  not  justify  a  systematic  description  in 
each  instance. 

The  average  dimensions  of  each  of  the  larger  arteries, 
such  as  the  subclavian  and  the  ihacs,  are  given  in  the  account 
of  the  anatomy  of  the  vessel.  The  calibre  of  arteries  of  or 
below  the  size  of  the  common  carotid  is  expressed  by  a 
Roman  figure  after  the  name  of  the  vessel  {e.g.,  Posterior 
Tibial,  iii.).  This  refers  to  one  of  the  six  orders  into  which 
Henle  divided  these  vessels  according  to  their  average  cahbre. 

These  orders  are  as  follows,  and  are  thus  arranged  in 
Quain's  "  Anatomy  "  : — 


Order. 

Average  Calibre. 

Example. 

I. 

8  m.m.  inch). 

Common  carotid. 

11. 

6  m.m.  {\  inch). 

Brachial. 

111. 

5  m.m.  inch). 

Ulnar. 

IV. 

3"5  m.m.  (f  inch). 

Lingual. 

V. 

2  m.m.  (Jj  inch). 

Posterior  Auricular. 

VI. 

1  to  -5  m.m.  (Jj  to  Jj  iach). 

Supra-orbital. 

I 
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CHAPTER  II. 
Ligature  of  the  Arteries  of  the  Upper  Limb. 

THE  radial  artery  (IV.). 

Anatomy. — The  radial  artery  continues  the  line  of  the 
brachial,  and  although  it  is  smaller  than  the  ulnar,  must  be 
regarded  morphologically  as  the  main  artery  of  the  forearm. 

The  relations  of  that  part  of  the  vessel  only  which  lies  in 
the  forearm  will  here  be  considered.  (For  the  anatomy  of 
the  artery  in  the  "  tabati^re  anatomique,"  see  page  117.) 

The  radial  follows  a  nearly  straight  course  from  the  bifurca- 
tion of  the  brachial  artery — opposite  the  neck  of  the  radius 
— to  the  inner  side  of  the  styloid  process  of  that  bone. 

The  upper  half  of  the  artery  is  covered  by  the  muscular 
mass  of  the  supinator  longus,  the  lower  half  by  the  skin  and 
fascia  only.  The  supinator  longus  muscle  becomes  tendinous 
about  the  middle  of  the  forearm. 

The  vessel  has  behind  it,  in  order  from  above  downwards, 
the  biceps  tendon,  supinator  brevis,  insertion  of  pronator  teres, 
radial  origin  of  flexor  sublimis,  flexor  longus  pollicis,  pronator 
quadratus,  and  the  lower  end  of  the  radius. 

Venae  comites — connected  by  many  transverse  branches — 
accompany  the  artery,  one  lying  upon  each  side  of  the 
vessel. 

The  radial  nerve  is  only  in  direct  relation  with  the  artery 
in  the  middle  third  of  the  forearm.  It  here  lies  to  its  outer 
side.  In  the  upper  third  of  the  limb  the  nerve  is  at  a  con- 
siderable distance  from  the  artery,  while  some  three  inches 
above  the  wrist  it  leaves  the  vessel  altogether  to  pass  beneath 
the  supinator  longus  tendon  to  the  back  of  the  hand. 

Line  of  the  Artery. — A  hue  from  the  centre  of  the  bend 
of  the  elbow,  to  the  gap  between  the  scajahoid  bone  and  the 
tendons  of  the  extensor  ossis  and  extensor  primi  internodii 

pollicis. 

1 
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Indications. — The  arteries  of  the  forearm — radial  and 
ulnar — are  not  frequently  ligatured ;  the  circumstances  which 
usually  call  for  ligature  are  wound  and  traumatic  aneurysm. 

Position. — The  surgeon  stands  upon  the  side  to  be 
operated  on.  The  limb  is  in  the  position  of  supination,  and 
is  firmly  held  by  an  assistant,  who  grasps  it  by  the  hand  and 
by  the  upper  arm.  The  incision  on  the  right  side  should  be 
made  from  above  downwards ;  on  the  left  side  it  is  con- 
veniently made  in  the  opposite  du-ection. 

1.  Ligature  in  the  Lower  Third  of  the  Forearm. 

O-peration. — An  incision  about  one  inch  and  a  quarter  in 
length  is  made  over  the  line  of  the 
pulse,  midway  between,  and  parallel 
with,  the  tendons  of  the  supinator 
longus  and  flexor  carpi  radialis 
muscles.  The  cut  must  not  reach 
below  the  level  of  the  tuberosity  of 
the  scaphoid  (Fig.  25). 

The  commencement  of  the  super- 
ficial radial  vein  usually  lies  over 
the  artery  in  this  situation,  and  im- 
mediately under  the  skin.  It  should 
be  avoided. 

The  fascia,  which  is"  here  quite 
thin,  is  divided  in  the  line  of  the 
original  wound.  The  gap  between 
the  two  tendons  is  now  made  mani- 
fest. Over,  or  in  close  relation  to, 
the  artery  may  be  observed  the  ter- 
minal part  of  the  anterior  division 
of  the  external  cutaneous  nerve. 

It  may  be  impossible  to  separate 
the  venai  comites  from  the  artery 
to  a  sufficient'  extent  to  allow  the 
needle  to  pass.  In  such  case  the 
ligature  must  include  the  veins  as 
Avell  as  the  artery  (Fig.  26). 

Comment. — The  operation  is  ex- 
tremely easy.    Some  confusion  may 

arise  in  cases  where  the  superficiahs  volw  artery  has  a  high 


Fig.  2.5. — LIGATUHE  OF  THE  HA- 
DIAL  AND  ULNAR  AnTEUIES, 
AND  OF  THE  BRACHIAL  AT  THK 
BENU  01''  THE  ELBOW. 
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a. 


origin,  and  lies  upon,  or  by  the  side  of,  the  radial.  This  is 
especially  the  case  when  the  branch  is  of  unusual  size. 

It  is  said  that  the  synovial  sheath  of  the 
flexor  carpi  radialis  tendon  has  been  accidentally 
opened  in  this  operation. 

2.  Ligature  in  the  Middle  Third  of  the 
Forearm. 

Operation. — An  incision  two  inches  in  length 
is  made  in  the  line  of  the  artery,  the  hmb  being 
in  the  position  indicated.  The  centre  of  the  in- 
cision corresponds  to  the  centre  of  the  forearm 
(Fig.  25).  In  cutting  through  the  subcutaneous 
tissues  care  must  be  taken  to  avoid  any  superficial 
vein  belonging  to  the  radial  or  median  veins. 

The  anterior  division  of  the  musculo-cutaneous 
nerve  lies  usually  in  the  line  of  the  artery,  out- 
side the  deep  fascia  and  just  beneath  the  super- 
ficial veins. 

The  deep  fascia  is  laid  bare  and  is  divided  in  the  length  of 
the  original  wound.    The  fibres  are  transverse  (Fig.  27). 


Fig.  26.— LIGA- 

TUUE  OV  THE 
lUGHT  llADIAL 
AT  THKWlUS'l'. 

Fascia  ; 
Artery 


A, 


a, 


mi 


Fig.  27.— LIGATURE  OF  THE  RIGHT  RADIAL,  ABOUT  THE  MIDDLE  THIRD  OF  THE 

FOREARM. 

Superficial   Wowid. — A,  Fascia;  Deep  Wound. — a,  Fascia  ;  B,  Sup.  long.  ; 

B,  Sup,  long.  C,  Insertion  of  pron.  teres  ;  n,  Sup. 

brevis ;  a,  Artery  ;  1,  Radial  nerve. 

The  supinator  longus  muscle  is  now  exposed  about  the 
point  where  it  is  beginning  to  become  tendinous.    The  inner 
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or  ulnar  border  of  the  muscle  is  defined  and  the  muscle  itself 
is  drawn  outwards.  The  elbow  may  be  a  little  flexed  to  allow 
of  this  being  done  more  easily. 

The  vessel  is  now  found  lying  upon  the  insertion  of  the 
pronator  radii  teres,  with  which  it  is  connected  by  much  con- 
nective tissue.    The  nerve  may  or  may  not  be  seen  (Fig.  27). 

The  venge  comites  should  be  separated  as  well  as  is  possible 
and  the  needle  passed  from  whichever  side  is  the  more  con- 
venient. 

Comment — As  the  supinator  longus  is  not  very  wide  at 
this  part  (especially  if  the  artery  be  sought  for  at  the  lower 
end  of  the  middle  third)  it  is  very  easy  to  expose  the  outer 
instead  of  the  inner  border  of  the  muscle,  in  which  case  the 
muscle  is  apt  to  be  drawn  inwards,  and  when  the  depths  of 
the  wound  are  opened  up  the  radial  nerve  is  reached.  This  is 
the  common  error  of  beginners. 

The  tendon  of  the  supinator  longus  as  a  rule  first  makes 
its  appearance  at  the  outer  border  of  the  muscle,  so  that 
if  this  tendinous  edge  be  exposed  the  operator  will  know  that 
he  has  laid  bare  the  wrong  side  of  the  muscle.  The  inner 
border  of  the  supinator  remains  muscular,  until  it  ends  some- 
what abruptly  in  the  tendon. 

3.  Ligature  in  the  Upper  Third  of  the  Forearm. 
Operation. — This  operation  differs  very  little  fr-om  the  last. 

The  incision  is  two  and  a  half  inches  in  length,  and  is  made  in 
the  line  of  the  artery.  The  centre  of  the  skin-cut  corresponds 
to  the  part  of  the  vessel  to  be  tied.  The  radial  or  other  sur- 
face vein  may  be  encountered  in  the  superficial  part  of  the 
wound.  After  the  deejD  fascia  has  been  divided,  the  interval 
between  the  supinator  longus  and  pronator  teres  muscles  is 
opened  up.  There  is  no  difficulty  in  identifying  these  two 
structures;  the  fibres  of  the  supinator  are  vertical;  those  of 
the  pronator  are  obhque.  In  muscular  subjects  the  supinator 
is  so  wide  that  its  inner  border  cannot  be  readily  exposed. 

Under  cover  of  the  supinator  the  radial  artery  will  bo 
found.  The  nerve  is  not  in  relation  with  it.  The  needle 
should  be  passed  from  whichever  side  is  the  more  convenient. 

4.  Ligature  of  the  Radial  in  the  Tabatiere  Anatomique. 
— Anatonoy. — The  tabatiere  anatomique  is  a  triangular  space 
bounded  on  one  side  by  the  extensor  ossis  metacarpi  pollicis 
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and  extensor  prinii  internodii,  and  on  the  other  side  by 
the  extensor  secundi  internodii  poUicis.  The  base  is  repre- 
sented by  the  lower  edge  of  the  posterior  annular  ligament. 
In  the  floor  of  the  space  are  the  trapezium,  with  a  part  of  the 
scaphoid  and  of  the  base  of  the  first  metacarpal  bone. 

The  radial  artery  runs  over  the  external  lateral  ligament  of 
the  wrist,  just  below  the  styloid  process,  passes  under  the  ex- 
tensors of  the  metacarpal  bone  and  first  phalanx  of  the  thumb, 
and  crosses  the  tabatiere.  Its  course  is  here  represented  by  a 
line  drawn  from  the  apex  of  the  styloid  process  of  the  radius 
to  the  posterior  angle  of  the  first  interosseous  space. 

The  cephalic  vein  of  the  thumb  crosses  the  space  pos- 
teriorly, as  does  also  the  internal  division  of  the  terminal 
branch  of  the  radial  nerve.  A  branch  of  the  anterior  division 
of  the  external  cutaneous  nerve  accompanies  the  artery  which 
gives  off,  while  in  the  upper  part  of  the  space,  the  posterior 
carpal  and  first  interosseous  branches.  ' 

Operation. — This  procediu'e  belongs  rather  to  that  series 
of  dissecting-room  operations  which  are  of  value  as  demon- 
strating anatomical  knowledge. 

The  hand  is  placed  upon  its  ulnar  border,  and  is  firml}- 
fixed  there  by  an  assistant,  who  at  the  same  time  holds  the 
thumb  extended  and  abducted  and  the  fingers  straight. 

An  incision,  about  one  inch  in  length,  is  made  along  the 
centre  of  the  tabatiere,  parallel  to  the  extensor  of  the  meta- 
carpal bone  of  the  thumb,  and  so  placed  as  to  commence  at 
the  level  of  the  radial  styloid  process  and  he  midway  between 
the  extensor  ossis  and  the  extensor  of  the  second  jDhalanx  of 
the  thumb.  The  incision  will  cross  the  artery  a  little  obliquely. 
The  cephahc  vein  of  the  thumb  must  be  avoided.  The  artery 
is  ligatured  in  the  middle  of  its  course.  It  will  probably  be 
hnpossible  to  separate  the  venfe  comites. 

It  is  said  that  in  performing  this  operation  carelessly  the 
synovial  sheaths  of  the  adjacent  tendons  have  been  opened 
up,  or  the  joint  between  the  scaphoid  and  the  trapezium  has 
been  exposed. 

For  the  variations  in  the  radial  artery,  see  page  123. 

THE  ULN.\R  ARTERY  (ill.). 

Anatomy. — This,  the  largest  artery  of  the  forearm,  follows 
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fi  curved  course  in  the  upper  third  of  the  limb.  It  is  perfectly 
straight  in  direction  in  the  lower  two-thirds. 

In  the  lirst  half  of  its  course  in  the  forearm  it  is  deeply 
placed  beneath  the  superficial  flexors,  viz.,  the  pronator 
radii  teres,  flexor  carpi  radialis,  palmaris  longus,  and  flexor 
subliinis.  From  about  the  middle  of  the  forearm  to  a  point 
Avithin  one  inch  of  the  wrist,  the  vessel  is  overlapped  by  the 
flexor  carpi  ulnaris.  For  the  last  inch  of  its  course  in  the 
forearm  it  is  superficial,  and  is  covered  only  by  the  integu- 
ments and  the  fascia. 

The  vessel  lies  at  first  upon  the  insertion  of  the  brachialis 
anticus,  and  then  for  the  rest  of  its  course  in  the  forearm 
upon  the  flexor  profundus. 

Vente  comites,  united  by  many  cross  branches,  accompany 
the  vessel. 

The  ulnar  nerve  comes  in  contact  with  the  artery  at  a 
point  a  httle  above  the  middle  of  the  forearm.  Throughout 
the  lower  half  of  the  forearm  the  two  are  close  together,  the 
nerve  lying  to  the  inner  side  of  the  artery. 

Line  of  the  Artery. — The  ulnar  in  the  lower  two-thirds  of 
its  course  in  the  forearm  is  represented  by  a  hue  drawn  from 
the  tip  of  the  internal  condyle  of  the  humerus  to  the  radial 
side  of  the  pisiform  bone. 

The  curve  .of  the  vessel  in  the  upper  third  of  its  course  is 
such  that  a  line  drawn  fi'om  the  commencement  of  the  artery 
— at  the  middle  of  the  bend  of  the  elbow — to  the  radial  side 
of  the  pisiform  bone,  Avill  scarcely  touch  the  vessel  in  any 
part  of  its  course. 

The  upper  third  of  the  artery  is  too  deeply  placed  to  be 
exposed  for  ligature,  unless  it  be  actually  laid  bare  in  a 
wound. 

Indications. — These  have  been  already  alluded  to  (page 
115).  The  artery  is  secured  only  in  the  lower  two-thirds  of  the 
limb. 

Position. — As  for  ligature  of  the  radial  artery  in  the  fore- 
arm. 

1.  Ligature  in  the  Lower  Third  of  the  Forearm. 

Operation. — An  incision,  two  inches  in  length,  is  made 
jilong  the  Hue  of  the  artery,  just  to  the  radial  side  of  the  flexor 
carpi  ulnaris  tendon.    The  incision  terminates  an  inch  or  less 
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above  the  pisiforni  bone  (Fig.  25).  Care  must  be  taken  to 
avoid  any  tributary  to  the  superficial  ulnar  vein  which  may 
be  over  the  lino  of  the  -artery.  The  deep  fascia — which  is 
here  very  slender — is  exposed  and  divided. 

The  tendon  of  the  flexor  carpi  ulnaris  muscle  is  now  dis- 
played. The  wiist  is  a  little  flexed  to  relax  the  tendon,  which 
is  gently  drawn  inwards  by  a  blunt  hook.  The  vessels  are 
now  exposed.  The  artery  in  this  situation  is  bound  down  to 
the  flexor  profundus  by  a  definite  layer  of  fascia.  This  must 
be  carefully  divided.  The  nerve  is  close  to  the  artery,  and 
upon  its  ifuier  side  (Fig.  28).  It  may  be  impossible  to  isolate 
the  artery  from  the  companion  veins.  The 
needle  is  passed  from  within  outwards. 
The  palmar  cutaneous  branch  of  the  ulnar 
nerve  Hes  upon  the  artery  in  this  situation, 
and  must  be  avoided. 

Comment. — It  is  possible  that  the  opera- 
tor may  expose  the  inner  side  of  the  flexor 
carpi  ulnaris  tendon  by  mistake.  On  this 
(the  wrong)  side  of  the  tendon,  muscular 
fibres  will  be  found  entering  the  tendon 
ahnost  down  to  the  wrist.  On  the  radial 
side  the  tendon  is  quite  clear.  Care  must 
be  taken  not  to  wound,  the  synovial  sac, 
which  accompanies  the  flexor  subHmis 
digitorum  tendons  beneath  the  annular 
ligament.  Normally  the  ulnar  gives  off  no  branch  in  this 
situation.  The  posterior  carpal  arises  a  little  above  the  pisi- 
form bone. 

2.  Ligature  in  the  Middle  Third  of  the  Forearm. 

Operation. — An  incision,  from  two  and  a  half  to  three 
inches  in  length,  according  to  the  muscular  condition  of  the 
limb,  is  made  precisely  iii  th6  line  of  the  artery  (Fig.  25). 
Beneath  the  integuments  the  anterior  ulnar  vein  and  branches 
of  the  anterior  division  of  the  internal  cutaneous  nerve  are  apt 
to  be  encountered.  The  deep  fascia  is  thin,  and  is  divided  in 
a  hne  parallel  with,  biit  a  little  to  the  outer  side  of  the  line  of, 
the  skin  incision.  '  ' 

■  The  surgeon  now  seeks  ■  iot  the  gap  between  the  flexor 
carpi  ulnaris  muscle 'iiild  the  fleior  sublimis  digitorum  (Fig. 


Fig.  28.  — LIGATUKE  OK 
THE  EIGHT  ULNAK  AT 
THE  WRIST. 

.\,  Fascia  ;  B,  Edge  of 
flex.  carp.  uln.  ten- 
don ;  a,  Artery ;  1, 
Ulnar  nerve, 
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29).  The  position  of  this  interval  is  sometimes  indicated  by  a 
white  Hne.  (See  (7o7rime'>ii  upon  the  opera- 
tion.) The  gap  is,  however,  best  demon- 
strated by  the  touch,  the  left  forefinger  being 
used  for  the  purpose.  As  soon  as  the  inter- 
muscular space  has  been  made  evident,  the 
wrist  is  a  little  flexed  to  relax  the  muscles. 
The  flexor  carpi  uhiaris  is  now  drawn  inwards 
by  means  of  a  broad-bladed  retractor.  The 
flexor  sublirais  is  in  like  manner  drawn  a 
little  outwards.  The  surgeon  opens  up  the 
vertical  intermuscular  space  thus  demon- 
strated, and  at  the  bottom  of  it  will  prob- 
ably first  be  found  the  ulnar  nerve.  To 
the  outer  side  of  the  nerve  is  the  artery 
(Fig.  30).  The  fascia  binding  down  the 
vessels  in  this  situation  is  slender.  There  is 
usually  no  difiacidty  in  separating  the  artery 
from  its  venae  comites. 

The  needle  should  be  passed  from  within 
outwards  so  as  to  avoid  the  nerve. 

Comment. — This  operation  is  associated 

with  considerable  difiiculty  if  care- 
lessly performed,  and  the  procedure 
is  surrounded  by  many  possibihties 
of  error. 

The  chief  difiiculty  is  to  demon- 
strate the  gap  between  the  flexor  carpi 
ulnaris  and  flexor  subhmis  muscles. 

The  "  white  line  "  which  is  said  to- 
mark  this  gap  is  not  to  be  rehed 
upon.  There  may  be  no  trace  of 
such  a  line :  it  may  be  •  very  faintly 
indicated,  or  the  position  of  the  in- 
terspace may  be  marked  by  a  yellow 
J,.  fatty  line.    The  white  line  is  best 

Fig.    30.— LIGATURE  OF    RIGHT  .  T  i  • 

ULN.\R  AT  THK  MIDDLE  THIRD  sccu  m  youug  muscular  subjects.  In 

OK  THE  FOREARM.  ,1  -i  t  .      1         •  11         1  ' 

Deep  Wound,  -a,  Fascia ;  b,  Flex.  ^^^^  Wastcd  it  IS  USUally  ab- 

subiimis;  o,  Flex.  carp,  ui-  Sent.   In  corpuleut  subiccts  the  linear 

nans  ;  D,  Fle.x.  profundus :  «,      ,  j- /-  7  •  i 

Artery;  1,  Ulnar  nerve  depOSlt  01  lat  IS  COmmonly  present. 


Fig.  29.  —  ligature 

OF  THE  RIGHT 
ULNAR  AT  THE 
MIDDLE  THIRD  OF 
THE  FOREARM. 

Superficial  Wound.  — 
A,  Fascia ;    B,  Pal- 
maris   longus ;  c, 
Flex.  carp,  ulnaris ; 
h,  Superficial  vein. 
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The  white  line,  when  it  does  exist,  indicates  the  tendinous 
margin  of  the  flexor  carpi  iilnaris.  Tiiis  tendinous  tissue 
belongs  to  the  tendon  of  origin  of  the  muscle,  and  not  to  that 
of  the  insertion,  as  usually  stated.  At  the  level  of  the  centre 
of  the  forearm  there  is  seldom  any  trace  of  the  tendon  of 
insertion.  A  faint  variety  of  the  white  line  is  sometimes 
produced  by  an  unusual  intermuscular  septum.  The  flexor 
carpi  ulnaris  is  much  more  closely  adherent  to  this  septum 
than  is  the  flexor  sublimis,  and  when  the  fascia  is  divided  the 
septum  adheres  to  the  former  nuiscle,  thus  producing  a 
species  of  fascial  margin. 

The  interspace  between  the  two  muscles  in  question  is 
not  quite  straight,  i.e.,  is  not  quite  vertical  when  the  limb  is 
in  position  for  the  operation.  The  flexor  carpi  ulnaris  over- 
laps the  flexor  sublimis  a  little,  and  the  line  of  the  interspace 
is  directed  as  is  shown  at  a  in  Fig.  31.  The  fibres  of  both 
the  muscles  follow  the  long  axis  of  the  lindj. 

If  the  division  of 
the  deep  fascia  be 
exactly  in  the  line  of 
the  skin  incision,  i.e., 
in  the  line  of  the 
artery  x,  the  knife 
will  probably  cut  upon 
the  flexor  carpi  ul- 
naris. 

By  dividing  the 
fascia  a  little  more  to 

Fig.   31.  TIlANSVEllSE   SECTION    OF    THE    FOREAKM    tllC    OUtCr    sldc    aS  ad" 

(dIAGRAMMATIC),  to  show  the  INTEllMUSCULAH  y^ggf]^  ^j^g  loiife  COmCS 
SPACES  ABOUT  THE  MIDDLE  THIRD.  '^       ft  11" 

Initials  indicate  the  tendons  and  muscles.    «,  Ulnar  ^^V^^  ^hc  tiCXOr  SUbJl- 
artery  interspace ;  b,  Interspace  to  be  avoided;  niis  {see  Fig.  31),  and 
the  surgical  line  of  the  ulnar  artery  ;  1,  Ulnar  ,        wnrkinp-  inwards 
vessels ;  2,  Radial  vessels  ;  3,  Median  nerve.         ^y    WOrkmg  mwaids 

the  oblique  gap  bc- 

tAveen  the  muscles  is  made  out.  This  gap  is  always  best  de- 
monstrated by  the  finger.  It  is  often  indicated  by  one  or 
more  cutaneous  arteries  which  escape  here  and  form  an  excel- 
lent guide  to  the  main  artery.  The  interspace  should  be  sought 
for  at  the  lower  part  of  the  wound,  and  the  separation  of  the 
two  muscles  should  take  place  from  below  upwards. 
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It  may  be  noted  tliat  the  flexor  siiblimis  at  the  middle 
third  of  the  forearm  presents  a  few  fine  commencing  tendon 
fibres. 

In  muscular  subjects  care  should  be  taken  that  the 
incision  is  made  long  enough. 

It  is  only  by  the  display  of  great  carelessness  that  it  would 
be  possible  to  open  up  the  interspace  between  the  flexor  sub- 
limis  and  palmaris  longus  muscles. 

When  the  proper  interval  has  been  found  between  the 
flexor  sublimis  and  the  flexor  carpi  ulnaris,  it  is  not  un- 
common for  the  beginner — impressed  with  erroneous  views  as 
to  the  depths  of  the  artery — to  proceed  too  deeply  and  too  far 
to  the  inner  side,  and  to  actually  pass  by  the  ulnar  nerve  and 
open  up  the  interspace  between  the  flexor  carpi  ulnaris  and 
the  flexor  profundus  digitorum.    (See  b,  Fig.  31.) 

This  may  readily  happen  if  the  former  muscle  be  dragged 
too  much  to  the  inner  side. 

Collateral  Circulation  after  Ligature  of  the  Radial  or 
Ulnar  Artery. — After  ligature  of  one  of  these  vessels,  the 
collateral  circulation  is  very  readily  and  freely  estabhshed, 
through  the  cross  anastomoses  between  the  arteries  in  question, 
through  the  jjalmar  and  carpal  arches  and  through  the  inter- 
osseous vessels. 

Varieties  of  the  Radial  and  Ulnar  Arteries. 

1.  The  radial  has  been  found  outside  the  fascia,  and 

subcutaneous. 

2.  The  ulnar  may  be  subcutaneous  or  subfascial  in  its 

entire  course. 

o.  The  median  artery  may  be  of  large  size  and  be 

largely  concerned  in  the  supply  of  the  palm. 
4.  The  radial  artery  may  be  absent. 

THE  BRACHIAL  ARTERY  (ll.). 

Anatomy. — The  brachial  artery  commences  at  the  lower 
margin  of  the  teres  major,  and  bifurcates  at  a  point  on  a  level 
with  the  neck  of  the  radius.  It  lies  in  the  depression  along 
the  inner  borders  of  the  coraco-brachiahs  and  biceps  muscles. 

In  the  upper  two-thirds  of  its  course  it  lies  on  the  inner 
aspect  of  the  shaft  of  the  humerus,  and  can  be  compressed 
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aii^ainst  tlic  bone  by  pressure  in  a  direction  outwards  and 
slightly  backwards.  In  its  lower  third  the  humerus  is 
behind  it,  and  compression,  ^o  be  effectual,  should  be  directed 
backwards.  It  runs  betT'eeh  the  skin  and  deep  fascia  as  far 
as  the  elbow,  where  it  dips  into  the  interval  between  the 
supinator  longus  and  pronator  teres  muscles,  and  passes 
beneath  the  bicipital  fascia.  In  muscular  subjects  the  artery 
may  be  overlapped  to  a  considerable  extent  by  the  edge  of 
the  biceps. 

It  lies,  in  order  from  above  downwards,  upon  the  long 
head  of  the  triceps  (the  nuisculo-sj^iral  nerve  and  superior 
profunda  artery  intervening),  the  inner  head  of  the  triceps,  the 
insertion  of  the  coraco-brachialis  (at  the  middle  of  the  arm), 
and  the  brachialis  anticus.  It  is  fixed  to  the  latter  muscle 
by  its  sheath.  It  is  accompanied  by  venoe  comites,  one  on 
each  side,  which  are  connected  with  one  another  by  many 
transverse  branches.  The  inner  of  these  veins  is  much  the 
larger.  The  basilic  vein  lies  to  the  inner  side  of  the  artery, 
but  is  separated  from  that  vessel,  in  the  lower  part  of  the  limb, 
by  the  fascia.  It  pierces  the  fascia  about  tlie  middle  of  the 
arm.  It  may  then  attend  the  artery  to  the  axilla,  or  may  join 
at  once  with  the  inner  of  the  two  venae  comites. 

The  median  nerve  crosses  in  front  of  the  artery  about  or 
below  its  middle,  lying  to  the  outer  side  of  the  vessel  above 
that  point,  and  to  its  inner  side  below. 

The  ulnar  nerve  is  to  the  inner  side  of  the  artery  as  far  as 
the  insertion  of  the  coraco-brachialis ;  it  then  leaves  the  vessel 
to  run  to  the  gap  between  the  internal  condyle  and  the 
olecranon. 

The  internal  cutaneous  nerve  lies  in  front  or  to  the  inner 
side  of  the  artery,  in  about  the  upper  half  of  its  course.  The 
nerve  pierces  the  fascia,  and  becomes  subcutaneous  about  the 
middle  of  the  arm. 

The  inferior  profunda  artery  is  represented  by  a  line  drawn 
from  the  inner  side  of  the  humerus  at  its  middle  to  the  back 
part  of  the  internal  condyle.  The  nutrient  artery  enters  the 
bone  at  its  inner  aspect  opposite  the  deltoid  insertion,  and  the 
anastomotic  vessel  comes  off  about  two  inches  above  the  bend 
of  the  elbow. 

At  the  bend  of  the  elbow  the  biceps  tendon  can  be  well 
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felt,  its  outer  edge  being  more  evident  than  the  inner.  The 
crease  in  the  skin  called  the  "fold  of  the  elbow"  is  placed  some 
little  way  above  the  hne  of  the  articulation.  At  the  spot 
where  the  biceps  tendon  ceases  to  be  distinctly  felt,  and  at  the 
outer  side  of  that  tendon,  the  median,  median  basilic,  median 
cephaUc  and  deep  median  veins  join.  The  median  basilic  vein 
passes  in  front  of  the  biceps  tendon,  the  brachial  artery,  and 
the  median  nerve.  The  median  basilic  vein  may  cross  the 
artery  abruptly  and  be  comparatively  free  of  it  except  at  the 
point  of  crossing,  or  it  may  run  for  some  distance  quite  in 
front  of  the  artery,  or  crossing  it  early,  it  may  lie  parallel  with 
the  vessel,  although  at  a  different  level  for  the  greater  part  of 
its  course. 

Line  of  the  Artery. — When  the  arm  is  extended  and 
abducted  with  the  hand  supine,  the  brachial  artery  corre- 
sponds to  a  Hne  drawn  from  the  outlet  of  the  axilla  (at  the 
junction  of  its  middle  and  anterior  thirds)  to  the  middle  of 
the  bend  of  the  elbow. 

Indications. — The  artery  is  rarely  ligatured  at  the  bend  of 
the  elbow  except  for  woimds  and  for  traumatic  arterio- venous 
aneurysm.  In  the  arm  it  is  often  secured  for  wound,  for 
haemorrhage  from  the  palmar  arches  and  from  the  elbow  and 
forearm,  and  for  traumatic  aneurysm.  Spontaneous  aneurysm 
is  very  rare  in  the  brachial  artery.  Dr.  Holt  (Amer.  Journ. 
Med.  Sciences,  April,  18cS2)  only  succeeded  in  collecting  thir- 
teen cases  of  such  aneurysm. 

Position. — In  securing  the  artery  at  the  bend  of  the  elbow, 
the  limb,  extended  and  abducted,  may  be  allowed  to  rest  upon 
the  olecranon.    It  should  not  be  over-extended. 

In  deahng  with  the  vessel  in  the  arm,  the  hmb  should  be 
extended  and  abducted,  with  the  hand  supine,  and  should  be 
held  away  from  the  body.  The  arm  itself  should  not  be  sup- 
ported in  any  way,  but  the  limb  should  be  held  by  the  forearm 
by  an  assistant. 

The  surgeon  may  make  the  incision  from  above  downwards 
on  both  sides  of  the  body,  standing  to  the  outer  side  of  the 
limb  on  the  right  side,  and  between  the  trunk  and  the  Hmb 
on  the  left  side.  Or  on  the  left  side  the  operator  may  place 
himself  to  the  outer  side  of  the  limb,  and,  bending  over  it, 
may  make  the  incision  from  below  upwards. 
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1.  Ligature  at  the  Bend  of  the  Elbow. 

Operation. — The  arm  having  been  placed  in  the  position 
indicated,  the  sm-geon,  by  flexing  and  extending  the  limb, 
makes  out  the  exact  position  of  the  biceps  tendon,  and  by 
compressing  the  veins  of  the  upper  arm,  renders  evident  the 
median  basilic  vein. 

An  incision,  two  inches  in  length,  is  made  through  the 
skin,  along  the  inner  edge  of  the  biceps,  and  parallel  Avith 
its  margin.  The  woimd  will  therefore  be  oblique,  and  it 
should  be  so  placed  that  its  centre  corresponds  to  the  mark 
on  the  skin  called  the  "  fold  of  the  elbow  "  (Fig.  25).  The 
upper  end  of  the  incision  will  correspond  to  the  level  of  tlie 
tip  of  the  internal  condyle.  If  the  veins  be  normally  dis- 
posed, the  skin  wound  will  lie  to  the  outer  side  of  the  median 
basilic  vein,  and  nearly  parallel  to  it. 

As  soon  as  the  vein  is  exposed,  it  should  be  drawn  inwards. 
The  bicipital  fascia  is  now  demonstrated,  and  divided  in  tl;e 
line  of  the  original  incision.  Its  fibres  are  directed  obliquely 
downwards  and  inwards.  The  artery,  with  its  vense  comites, 
will  now  be  exposed.  The  vessel  will  here  be  found  to  be 
very  movable  and  fi'ee  from  connective  tissue  attachments, 
although  sometimes  surrounded  by  much  fat  (Fig.  3.2). 

The  vense  comites  having  been 
separated,  the  needle  is  passed  from 
within  outwards.  The  median  nerve 
does  not  come  conspicuously  into  the 
field  of  the  operation.  It  is  nearest  to 
the  artery  (on  its  inner  side)  at  the 
upper  part  of  the  wound. 

Comment. — Care  should  be  taken 
that  the  operation  is  performed  so  as 
to  ensure  primary  healing.  Suppura- 
tion following  this  procedure  has  led 
to  a  stiff  elbow.  The  median  basihc 
vein  is  closely  attached  to  the  thin 
integument,  and,  unless  made  quite 
evident,  may  easily  be  wounded. 

2.  Ligature  at  the  Middle  of  the 
Arm. 

Operation. — The  hmb  having  been 
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Fig.  32.— LIGAIURE  OF  THK 
RIGHT  BUACHIAL  AT  THE 
BEND  OF  THE  KLBOW. 

A,  Fascia  ;  B,  Biceps  tenilon  ; 
C, Bicipital  fascia;  Artery; 
ft,  Ven»  comites  ;  c,  l5asilio 
vein  ;  1,  Median  nerve. 
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placed  in  tlie  position  indicated,  an  incision  about  two  and  a 
half  inches  in  length  is  made  along  the  inner  edge  of  the 
biceps  muscle,  in  the  line  of  the  artery  (Fig.  34). 

The  fascia,  which  is  here  thin,  is  exposed  and  divided,  and 
the  muscular  layer  is  reached.  It  is  extremely  important  that 
the  inner  margin  of  the  biceps  be  clearly  exposed  and  surely 
identified.  The  muscle  is  displaced  a  little  outwards,  and  the 
pulsation  of  the  vessel  is  sought  for.  A  httle '  dissection 
exposes  the  median  nerve — if  it  be  not  abeady  in  view  (Fig. 
33).  In  the  middle  of  the  arm  the  nerve  usually  Ues  in  front 
of  the  artery.  In  applying  a  ligature  to 
any  part  of  the  brachial,  at  or  above  '  ■ 

the  middle  of  its  course,  the  nerve  should 
be  drawn  outwards.  If  the  brachial  be 
exposed  below  the  middle  section,  the 
nerve  is  more  conveniently  displaced  in- 
wards. 

While  the  artery  is  being  exposed  the 
elbow  may  be  flexed  for  a  moment. 

The  sheath  of  the  artery  having 
been  opened,  and  the  venie  comites 
separated  as  well  as  possible,  the 
needle  is  passed  from  the  nerve.  The 
inner  of  the  two  companion  veins  is 
usually  much  the  larger. 

In  the  upper  part  of  its  course  the  Fig-  33.— ligature  of  the 

i-  1-  1.  _       _  HTrjHT    TtnAnHTAT     AT   TH  If 

inner  margin  of  the  coraco-brachialis 
muscle  is  exposed  in  the  place  of  the 
biceps,  and  the  ulnar  nerve  is  lying  to 
the  iimer  side  of  the  vessel 

Comment. — This  artery  is  by  no 
means  so  easy  to  ligature  as  may  appear  ;  and  in  an  operative 
surgery  class  no  more  glaring  mistakes  are  made  than  occur 
in  the  course  of  searching  for  this  superficial  vessel. 

In  the  first  place,  the  arm  should  be  unsupported,  and  be 
at  right  angles  to  the  trunk.  If  the  arm  be  allowed  to  rest 
upon  a  table,  the  triceps  may  be  jDushed  forwards,  and  may 
be  then  mistaken  for  the  biceps ;  while  the  ulnar  nerve  has 
l)een  mistaken  for  the  median.  This  observation  especially 
applies  to  the  middle  third  of  the  limb. 


RIGHT  BRACHIAL  AT  THE 
MIDDLE  OP  THE  ARM. 

A,  Fascia ;  B,  Biceps ;  c, 
Triceps  ;  a,  Artery  ;  b, 
Vena  comes  ;  1,  Median 
nerve  ;  2,  Internal  c\ita- 
neous  nerve. 
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The  vessel  is  mobile,  and  is  easily  displaced,  and  in  drawing 
the  biceps  aside  roughly  with  a  retractor,  the  vessels  and  the 
median  nerve  have  been  withdrawn  from  the  field  of  the  opera- 
tion, and  possibly  the  ulnar  nerve  brought  into  view.  The  cl(;ar 
identification  of  the  biceps  margin  is  essential.  The  advice 
sometimes  given,  that  the  "  sheath  of  the  muscle  "  should  not 
be  opened,  is  neither  sound  nor  very  precise. 

The  pulse  in  the  brachial  is  often  much  feebler  than  would 
be  imagined  ;  and  this  is  especially  the  case  in  dealing  with 
severe  hjBmorrhago.  The  pulsation  may  be  so  clearly  trans- 
mitted to  the  median  that  that  nerve  has  been  mistaken  for 
the  artery. 

It  is  asserted  that  the  basilic  vein  has  been  mistaken  for 
the  artery.  Tillaux  states  that  a  large  inferior  profunda  artery 
has  been  taken  for  the  brachial. 

If  the  incision  be  made  too  much  to  the  inner  side  of  the 
proper  line,  the  basilic  vein  may  be  wounded,  especiall}^  when 
it  is  superficial,  i.e.,  in  the  lower  segment  of  the  arm. 

In  very  muscular  subjects  the  biceps  may  overlap  the 
artery  considerably.  The  frequent  abnormalities  of  the  brachial 
must  in  all  instances  be  borne  in  mind. 

Collateral  Circulation  after  Ligature  of  the  Brachial 
Artery. 

1.  If  above  the  origin  of  the  superior  profunda. 

Above.  Below. 
Posterior  circumflex    with    Ascending  branches  of  superior  profunda. 

2.  If  below  the  origin  of  the  inferior  profunda. 

Above.  Below. 

[  Anastomotic. 

Superior  profunda         with         <  Radial  recurrent. 

\  Posterior  interosseous  recurrent. 

f  Anastomotic. 

Inferior  profunda         with         <  Posterior  iilnar  recurrent. 

(  Posterior  interosseous  recurrent. 

Varieties  of  the  Brachial  Artery. 

1.  The  artery  may  run  towards  the  inner  condyle,  and 

pass  beneath  a  supra-condyloid  process. 

2.  The  artery  may  show  a  high  division.    The  branch 

prematurely  separated  will  be,  in  order  of  frequency, 
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the  radial,  the  uhiar,  the  interosseous,  or  a  vas 
aberrans. 

The  site  of  the  high  division  is  most  usually  in  the  upper  third  of  the  arm, 
less  often  in  the  lower  third,  and  rarest  in  the  middle  third. 

The  two  vessels  usually  run  side  by  side,  the  abnormal  artery  being  the 
more  superficial. 

3.  The  median  nerve  may  pass  behmd  the  brachial 

artery. 

4.  The  vessel  may  be  crossed  by  a  muscular  slip  derived 

from  the  pectoralis  major,  biceps,  coraco-brachialis, 
or  brachialis  anticus. 

THE  AXILLARY  ARTERY. 

Anatomy. — The  axillary  artery  extends  from  the  lower 
edge  of  the  first  rib  to  the  lower  margin  of  the  teres  major 
muscle. 

Its  position  is  much  influenced  by  the  position  of  the  arm. 
The  vessel  is  conveniently  divided  into  the  three  parts — the 
segment  above  the  pectoralis  minor,  the  segment  beneath  the 
muscle,  and  the  segment  beyond  the  muscle.  The  first  part 
measures  about  one  inch  in  length,  the  second  one  inch 
and  a  quarter,  and  the  third  part  about  three  inches. 

The  first  part  of  the  artery  is  deeply  placed,  is  covered 
in  by  the  pectoralis  major  and  costo-coracoid  membrane,  and 
is  invested  by  a  fairly  substantial  sheath.  It  is  overshadowed 
by  the  clavicle  and  the  subclavius  muscle.  It  rests  upon  the 
first  intercostal  space,  the  second  rib,  the  second  and  third 
serrations  of  the  serratus  magnus  muscle,  and  the  nerve  of 
Bell.  Crossing  over  the  front  of  the  vessel  from  without  in- 
wards are  the  cephaHc  vein,  the  acromio-thoracic  vein,  and  the 
external  anterior  thoracic  nerve. 

The  cords  of  the  brachial  plexus  lie  to  the  outer  side 
of  the  vessel. 

The  axillary  vein  is  of  large  size,  is  influenced,  as  to  its 
dimensions,  by  respiratory  movements,  is  superficial  to  the 
artery,  and  is  placed  on  its  inner  side.  When  the  arm  hes 
by  the  side  the  vein  is  actually  to  the  inner  side  of  the  artery : 
but  when  the  Ihnb  is  held  at  right  angles  to  the  body  the 
vein  is  drawn  across  the  artery,  and,  in  the  living  subject, 
conceals  it. 
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The  vein  is  somewhat  closely  attached  to  the  costo-coracoid 
inciubrane. 

The  acroinio-thoracic  and  suporioi-  thoracic  arteries  are 
given  off  from  this  part  of  the  vessel.  The  upper  border  of 
the  pectoralis  minor  is  represented  by  a  hne  drawn  from  the 
third  rib,  near  its  cartilage,  to  the  coracoid  process.  The- 
lower  border  of  the  muscle  follows  a  line  drawn  from  a  cor- 
responding part  of  the  fifth  rib  to  the  same  process. 

The  second  part  of  the  artery  requires  no  notice. 

The  third  part  is  covered  by  the  pectoralis  major  at  first,, 
and  then  only  by  the  integuments  and  fascia.  It  rests  upon 
the  sub-scapularis  and  the  tendons  of  the  latissinuis  dorsi  and 
teres  major.  The  circumflex  and  musculo-spiral  nerves  pass, 
behind  it.  The  coraco-brachialis  nmscle  lies  to  its  outer  side,, 
and  the  axillary  vein  to  its  inner  side.  This  vein  is  formed 
by  the  junction  of  the  two  venre  comites.  This  junction  is. 
usually  not  effected  until  the  lower  border  of  the  subscapularis 
muscle  is  reached.  Thus  two  veins  are  commonly  found  in 
relation  with  the  lowest  part  of  the  artery,  and  if  the  basiHc 
vein  has  not  yet  joined  the  inner  vena  comes,  three  veins, 
may  be  met  with.  The  subclavian  vein,  in  the  form  of  a 
single  trunk,  may  not  have  an  existence  until  the  region  of 
the  clavicle  is  reached. 

The  ulnar  nerve  lies  to  the  inner  side  of  the  artery, 
between  it  and  the  vein.  The  nerve  of  Wrisberg  is  placed 
to  the  inner  side  of  the  vein.  The  internal  cutaneous  nerve 
and  the  inner  head  of  the  median  are  in  front  of  the  artery, 
while  the  trunk  of  the  median  and  the  musculo-cutaneous. 
lie  to  the  outer  side. 

The  internal  cutaneous  and  the  median  are  the  nerves- 
most  closely  connected  with  the  artery. 

The  subscapular,  posterior  and  anterior  circumflex  arteries 
come  off  from  the  third  part. 

Line  of  the  Artery. — A  line  from  about  the  centre  of  the 
clavicle  to  the  humerus,  close  to  the  inner  border  of  the 
coraco-brachialis,  will  represent  the  artery  when  the  arm  is. 
so  abducted  as  to  be  at  right  angles  to  the  body. 

Indications. — The  ligature  of  the  axillary  artery  is  prac- 
tically limited  to  its  third  part.  The  artery  has  been  tied 
for  wound,  for  hemorrhage  from  the  limb  below,  for  axillary- 
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and  brachial  aneurysm,  and  for  the  treatment  of  subclavian 
aneurysm,  by  the  distal  operation. 

The  axillary  appears  to  have  been  first  tied  by  R.  Chamber- 
laine,  of  Jamaica,  for  traumatic  aneurysm  of  the  axilla  in  1815 
(MecLchir.  Trans.,  vol.  vi.,  page  128).  The  first  part  of  the 
vessel  was  secured,  and  the  operation  was  successful  Dr. 


Fig.  34. — LIGATURE  OF  THE  BKACHIAL  ABOUT  THE  MIDDLE  OF  THE  AUM,  AND  OF 
THE  THIRD  PART  OF  THE  AXILLARY. 

Holt  (Amer.  Journ.  Med.  Sciences,  1882)  reports  a  ligature  of 
the  first  segment  of  the  artery  for  the  relief  of  hffimorrhage 
attending  a  ligature  of  the  third  part.  The  patient  did  well. 
In  exceedingly  few  instances,  however,  has  the  first  segment 
of  the  vessel  been  secured  ;  and  in  very  few  have  the  results 
been  encouraging. 

The  conditions  requiring  the  obliteration  of  the  first  part 
of  the  artery  must  be  so  remarkably  uncommon  that  the 
operation  can  scarcely  rank  as  a  regular  surgical  procedure. 
When  a  high  ligature  is  required,  it  should  be  applied  to 
the  third  part  of  the  subclavian. 

The  dangers  and  difficulties  attending  a  high  Kgature  of 
the  axillary  are  so  considerable  as  to  render  the  procedure 
questionable.  The  wound  is  deep,  the  vein  is  closely  con- 
nected with  the  costo-coracoid  membrane,  is  very  prominent 
and  large,  and  apt  to  be  torn.  The  danger  from  the  entrance 
of  air  into  a  vein  is  not  inconsiderable,  and  the  operatioti 
involves  the  opening  up  of  a  deep  and  extensive  area  of  con- 
nective tissue. 

1.  Ligature  of  the  Third  Part. 

Operation. — The  patient  is  placed  upon  the  back,  close  to 
J  2 
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the  edge  of  the  table,  and  has  the  shoulders  raised.  The 
arm  is  at  right  angles  to  the  body,  and  is  held  horizontally. 

The  surgeon  may  place  hhnself  between  the  arm  and  the 
thorax  when  about  to  secure  either  artery.  It  is  the  practice 
of  some  to  stand  to  the  outer  side  of  the  limb,  near  the 
patient's  head,  and  to  bend  over  the  extremity,  when  operating 
upon  the  right  axillary.    The  axilla  should  be  shaved. 

An  incision,  about  three  inches  in  length,  is  made  along 

the  line  of  the  artery.  It  com- 
mences at  the  middle  of  the  outlet 
of  the  axilla,  at  the  junction  of  its 
anterior  and  middle  thirds,  and  is 
continued  down  along  the  inner 
margin  of  the  coraco-brachialis 
muscle  (Fig.  34).  The  knife  should 
be  held  with  the  blade  horizontal. 
After  the  integuments  and  fascia 
have  been  divided,  the  inner  mar- 
gin of  the  coraco-brachialis  should 
be  thoroughly  exjDosed.  This 
muscle,  with  the  musculo-cutaneous 
nerve,  is  then  draAvn  gently  out- 
wards. The  position  of  the  artery 
may  now  be  determined  with  the 
finger.  In  exposing  it  the  median 
nerve  is  at  once  made  evident,  and 
should  be  drawn  outwards  by 
means  of  a  small  blunt  hook.  The 
internal  cutaneous  nerve  should 
be  gently  displaced  inwards.  The  vente  comites  need  to  be 
well  demonstrated.  The  artery  having  been  cleared,  the 
needle  is  passed  from  Avithin  outwards  (Fig.  35). 

Comment. — The  numerous  nerves  in  relation  with  this 
part  of  the  vessel  somewhat  confuse  the  operation.  The 
veins  are  apt  to  -obscure  the  vessel.  There  may  be  three 
veins  in  relation  to  this  part  of  the  axillary — the  two  ven.e 
comites  and  the  still  free  basilic.  Abnormalities  in  the  artery 
must  be  anticipated.  A  muscular  slip  passing  from  the  latissi- 
mus  dorsi  to  join  the  pectoralis  major,  biceps,  or  coraco- 
brachialis,  may  cross  over  the  vessels.     Such  a  slip  may 


Fig.  35. — LIGATURE  OK  THE  RIGHT 
AXILLARY  ARTERY  (3ed  PABT). 

A,  Fascia  ;  B,  Coraco-brachialis  ; 
a,  Artery  ;  b,  Venre  comites  ;  1, 
Median  nerve  ;  2,  lut.  cutaneous 
nerve. 
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readily  be  mistaken,  when  large,  for  the  coraco-brachialis 
muscle. 

The  ligature  should  not  be  applied  too  near  any  one  of  the  ' 
branches  of  the  artery. 

2.  Ligature  of  the  First  Part. 

Operation. — The  patient  lies  upon  the  back,  close  to  the 
margin  of  the  table,  with  the  upper  part  of  the  body  raised. 
The  point  of  the  shoulder  should  be  carried  Avell  back,  and  to 
effect  this  a  hard  cushion  may  be  placed  between  the  scapulae. 
The  arm  is  allowed  to  lie  by  the  patient's  side.  It  must  not 
be  dragged  upon  so  as  to  depress  the  point  of  the  shoulder. 

The  operator  should  stand  upon  the  outer  side  of  the  limb, 
near  the  patient's  trunk,  when  dealing  with  the  left  side,  and 
near  the  head  when  dealing  with  the  right.  A  good  reflected 
Ught  is  necessary. 

A  shghtly  curved  incision,  with  the  convexity  downwards, 
is  m^Jde  across  the  sivpra-clavicular  fossa.  The  cut  commences  ' 
just  outside  the  sterno-clavicular  joint,  and  ends  just  outside 
the  coracoid  process.  It  passes  about  half  an  inch  below  the 
clavicle,  and  the  centre  of  the  incision  is  about  opposite  to  the 
centre  of  that  bone  (Fig.  36). 

The  skin,  platysma,  supra-clavicular  nerves,  and  fascia  are 
divided  in  the  first  incision.  At  the  outer  end  of  the  wound 
care  must  be  taken  not  to  wound  the  cephaUc  vein  and  the 
large  branch  of  the  acromio-thoracic  artery. 

The  cephalic  vein  should  be  exposed,  and  forms  a  useful 
guide  to  the  artery. 

The  pectoralis  major  is  divided  through  its  entire  thickness 
close  to  the  clavicle,  and  to  the  full  extent  of  the  original 
wound.  The  upper  edge  of  the  lesser  pectoral  should  be 
defined  and  dra^vn  down. 

The  costo-coracoid  membrane  must  now  be  dealt  mth.  It 
should  not  be  torn  through,  but  should  be  divided  vertically 
near  to  the  coracoid  process.  The  cephalic  vein,  if  well 
brought  out,  will  indicate  the  position  of  the  axillary  vein. 
The  latter  vessel  is  readily  torn  in  freeing  a  way  through  the 
costo-coracoid  membrane. 

The  artery  is  now  exposed,  and  the  needle  should  be 
passed  from  the  vein.  The  vein  should  be  held  aside  with 
the  finger  while  the  needle  is  being  passed. 
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It  must  be  remembered  that  the  vein  is  least  in  the  way 
when  the  arm  is  by  the  side. 

Comment. — There  is  great  danger  of  tearing  the  axillary 
vein,  and  also  of  air  being  drawn  into  some  of  the  smaller 
veins.  If  the  pcctoralis  minor  receive  a  slip  from  the  second 
rib,  the  area  of  the  operation  is  much  curtailed.  The  cord  of 
the  brachial  plexus  nearest  to  the  artery  may  be  mistaken  for 
that  vessel. 

The  operation  described  may  be  considered  as  a  modi- 
fication of  Chamberlaine's  original  proceeding. 

Delpech  made  an  obhque  incision  dowuAvards  along  the 
gap  which  separates  the  pectoralis  major  from  the  deltoid, 
the  wound  starting  from  the  clavicle.  The  two  muscles  were 
then  separated  from  one  another,  the  pectoralis  minor  divided 
near  to  the  coracoid  process,  and  the  vessel  drawn  outwards 
and  secured.    The  operation  is  needlessly  difficult. 

Guthrie  was  an  advocate  for  what  must  certainly  be  called 
a,  free  incision.  His  incision  was  "  made  in  the  course  of  the 
axillary  artery,  through  the  integuments,  superficial  fascia,  and 
the  great  pectoral  muscle — in  fact,  through  the  anterior  fold  of 
the  armpit."  The  extent  of  the  wound  was  only  limited  by  the 
position  of  the  proposed  ligature. 

Collateral  Circulation  after  Ligature  of  the  Axillary 
Artery. 

1.  If  the  first  part  be  ligatured  above  the  origin  of  the 

acromio-thoracic,  the  collateral  circulation  will  be 
the  same  as  after  ligature  of  the  third  part  of  the 
subclavian. 

2.  If  the  third  part  be  secured  below  the  circumflex 

vessels,  the  condition  is  the  same  as  after  ligature 
of  the  brachial  above  the  superior  profunda. 

3.  Ligature  of  the  third  part  between  the  origins  of 

the  subscapular  and  the  two  circumflex. 

Above.  Below. 

Suprascapular  )  ^.^j^         Posterior  circumflex. 

Acromio-thoracic  ) 

4.  Ligature  of  the  third  part  above  the  origin  of  the 

subscapular.  The  same  anastomoses  as  just  given, 
with 
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Above.  Below. 
Long  Thoracic 
Intercostals 
Posterior  Scapular 
Suprascapular 

Varieties  of  the  Axillary  Artery. 

1.  In  one  case  out  of  every  ten  (R.  Quain)  the  axillary 

gives  off  a  large  branch,  which  will  be  most 
frequently  the  radial,  sometimes  the  ulnar,  less 
frequently  a  "vas  aberrans,  and  very  rarely  the 
interosseous  artery. 

2.  A  trunk  may  arise  from  the  third  part  of  the  artery 

from  which  will  spring  the  subscapular,  the  two 
circumflex  and  the  two  profunda  arteries. 


with 


Subscapular. 
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CHAPTER  III. 

LiGATUJiE  OF  THE  ArTERIES  OF  THE  HeAD  AND  NeCK. 
THE  SUBCLAVIAN  ARTERY. 

Anatomy. — The  subclavian  artery,  starting  from  the  aorta 
on  the  left  side  and  the  innominate  on  the  right,  arches  across 
the  lower  part  of  the  neck  to  reach  the  axilla.  In  the  neck  it 
usually  reaches  to  the  height  of  a  point  on  a  level  with  the 
sixth  cervical  vertebra.  The  length  of  the  right  artery  is 
about  three  inches,  the  left  about  four.  The  latter  vessel  is  a 
little  smaller  than  the  right.  The  diameter  of  the  subclavian 
diminishes  from  11  m.m.  to  9  m.m. 

The  first  part  of  the  artery  is  considered  to  extend  from  the 
origin  of  the  vessel  to  the  inner  edge  of  the  anterior  scalene 
muscle.  The  second  part  is  that  which  lies  behind  the  anterior 
scalene  muscle,  and  the  third  part  is  that  beyond  the  muscle. 

The  right  subclavian  and  the  cervical  part  of  the  left  com- 
mence oj)posito  the  upper  part  of  the  sterno-clavicular  joint. 
The  first  ^9«ri  of  the  artery  is  deeply  placed  beneath  the 
integuments,  the  platysma,  the  sterno-mastoid,  sterno-hyoid, 
and  sterno-thyroid  muscles,  and  the  cervical  fascia.  It  is  near 
to  the  trachea,  is  in  contact  with  the  pleura  below  and  behind, 
and  is  in  close  relation  with  the  innominate,  internal  jugular 
and  vertebral  veins,  the  vagus,  recurrent  laryngeal,  cardiac  and 
sympathetic  nerves.  The  left  subclavian  is  also  in  relation 
with  the  thoracic  duct  and  the  phrenic  nerve.  From  this 
part  of  the  artery  arise  the  vertebral,  the  internal  mammary, 
and  the  thyroid  axis. 

The  second  'part  of  the  artery  reaches  highest  in  the  neck, 
and  lies  between  the  anterior  and  middle  scalene  uuiscles. 

It  is  still  in  relation  with  the  pleura,  and  is  separated  from 
the  phrenic  nerve  by  the  anterior  of  the  two  muscles. 
The  superior  intercostal  artery  arises  from  this  part. 
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The  third  ixtrt  of  the  subclavian  represents  the  segment  of 
the  vessel  which  crosses  the  posterior  triangle  of  the  neck,  and 
which  is  nearest  to  the  surface.  It  is  the  part  to  which  the 
Hgature  is  appHed.  It  runs  in  a  triangle,  the  base  of  which  is 
formed  by  the  outer  edge  of  the  anterior  scalene  and  the  sides 
by  the  clavicle  and  omo-hyoid.  The  omo-hyoid  is  generally 
foimd  about  one  inch  above  the  clavicle  in  this  situation.  It 
may,  however,  be  found  almost  level  with  the  bone,  or  so  high 
up  as  not  to  be  encountered  in.  the  operation.  Much  depends 
upon  the  position  of  the  shoulder. 

The  third  part  of  the  artery  is  covered  by  the  integuments 
and  j)latysma,  by  the  cervical  fascia  and  a  fibrous  exjDansion 
which  stretches  from  the  omo-hyoid  to  the  clavicle.  It  rests 
upon  the  first  rib,  the  middle  scalene  muscle  is  behind  it, 
the  cords  of  the  brachial  plexus  are  above  it. 

The  last  cord,  derived  from  the  eighth  cervical  and  the 
first  dorsal,  is  nearest  to  the  artery.  The  little  nerve  to  the 
subclavian  muscle  crosses  in  front  of  the  vessel,  and  nearer 
to  the  surface  the  supra-clavicular  nerves  descend  in  front  of 
the  subclavian  triangle. 

The  subclavian  vein  lies  below  the  artery  and  anterior  to 
it.    It  passes  in  front  of  the  scalenus  anticus  (Fig.  37). 

The  external  jugular  vein  is  placed  in  front  of  the  artery, 
although  its  relations  to  the  vessel  vary  considerably.  It 
receives  in  this  region  the  transverse  cervical  and  suprascapu- 
lar veins,  which  may  form  a  plexus  over  the  siibclavian  artery. 

The  suprascapular  artery  hes  behind  and  under  cover  of 
the  clavicle.  The  transverse  cervical  artery  crosses  beneath 
the  omo-hyoid  muscle  at  some  distance  above  the  main 
vessel  No  branch  arises  normally  from  this  part  of  the 
subclavian. 

Indications. — A  ligature  has  been  applied  to  each  of  the 
three  parts  of  the  subclavian  artery.  So  far  as  surgical  ex- 
perience at  present  extends,  it  may  be  said  that  the  operation 
is  only  justifiable  when  the  third  part  of  the  artery  is  con- 
cerned. 

A  hgature  has  been  apphed  to  this  portion  of  the  vessel  in 
cases  of  axillary  aneurysm,  in  cases  of  wound,  and  in  instances 
of  hc-emorrhagc  from  the  axilla.  It  has  been  apphed  also  as  a 
distal  ligature  in  the  treatment  of  innominate  and  aortic 


138 


OVEBATIVE  SURGERY. 


xineurysms,  and  as  a  preliminary  step  in  excision  of  the 
scapula,  in  the  removal  of  large  axillary  groAvths,  and  in 
iimj)iitation  of  the  entire  upper  limb.  The  ojDeration  on  the 
whole  may  be  considered  to  be  satisfactory,  although  the  risks 
of  secondary  hiemorrhage  and  of  intra-thoracic  inflammation 
are  considerable.  These  risks  have  been  greatly  reduced  since 
wounds  have  been  treated  antisoptically.  The  mortality  after 
ligature  of  the  third  part  for  axillary  aneurysm  is  notably  high, 
death  following  frequently  from  suppuration  of  the  sac  and 
secondary  haemorrhage.  N orris  showed  that  in  sixty  examples 
of  this  operation  the  mortality  was  forty-five  per  cent. 

Ligature  of  the  third  part  of  the  artery  was  first  attempted 
by  Sir  Astley  Cooper  in  the  spring  of  1809.  He  was  unable  to 
complete  the  operation.  In  the  autumn  of  the  same  year 
Ramsden  ligatured  the  artery  for  the  first  time  (Prdctical 
Observations:  London,  1811).  The  patient  died.  During 
succeeding  years  several  surgeons  carried  out  Ramsden's 
operation,  but  all  the  patients  died.  The  first  successful  case 
was  treated  by  Post,  of  New  York,  who  operated  in  September, 
1817  {Med.-GJiir.  Trans.,  vol.  ix.,  page  185).  The  first  success 
in  Great  Britain  was  obtained  by  Listen  in  1820  {Edin.  Med. 
nnd  Surg.  Journ.,  vol.  xvi.,  page  848). 

The  first  part  of  the  subclavian  Avas  first  ligatured  by 
Colles,  in  1818.  Ashhurst  has  collected  nineteen  examples  of 
this  operation,  but  not  a  single  patient  survived.  In  one  case, 
that  by  Mr.  Mitchell  Banks,  the  patient  survived  the  ligature 
thirty-six  days.  In  this  instance  the  innominate  had  already 
been  tied  (Jacobson's  "  Operations  of  Surgery,"  page  537). 

The  operation,  so  far  as  present  experience  goes,  may  be 
said  to  be  distinctly  unjustifiable.  No  artery  could  be  less 
favourably  placed  for  the  application  of  a  ligature.  It  is 
deeply  situated,  is  near  the  heart,  is  in  contact  Avith  the 
pleura,  is  surrounded  by  immense  veins,  and  is  in  intimate 
relation  Avith  such  nerves  as  the  vagus,  the  phrenic,  the 
recurrent  laryngeal,  and  the  cardiac.  Moreover  the  hgature 
is  applied  about  a  part  of  the  vessel  Avhere  numerous  large 
branches  are  arising. 

The  method  adopted  has  been  similar  to  that  carried  out 
in  exposing  the  innominate  artery. 

The  second  part  of  the  vessel  Avas  ligatured  by  Dupuytren. 
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He  has  had  a  few  imitators,  but  no  patient  subjected  to  this 
operation  has  survived. 

Position.  (To  hgature  the  third  part.) — The  patient  lies 

upon  the  back  close  to  the  edge  of  the  table,  Avith  the  thorax 
raised  and  the  head  extended  and  turned  to  the  opposite 
side. 

The  arm  should  be  pulled  well  doAvn  and  tixed.  This 
latter  object  is  best  effected  by  passing  the  arm  behind  the 
back  whenever  that  is 
possible,  and  allowing 
it  to  remain  fixed  in 
that  posture.  The  opera- 
tor stands  in  front  of 
the  shoulder.  A  good 
hght  is  necessary. 

Ligature  of  the 
Third  Part  of  the  Sub- 
clavian Artery. 

Operation.  —  The 
skin  over  the  posterior 
triangle  having  been 
drawn  domi  with  the 
fingers  of  the  left  hand, 
an  incision  is  made 
through  it  down  to  the 
clavicle.  By  adopting 
this  plan  a  risk  of 
wounding  the  external 
jugular  vein  is  avoided. 
The  incision,  which  is  transverse,  should  be  about  three  inches 
in  length,  and  when  the  traction  upon  the  skin  is  withdrawn 
.should  lie  about  half  an  inch  above  the  clavicle  (Fig.  36).  It 
should  extend  across  the  base  of  the  posterior  triangle  from  the 
trapezius  to  the  sterno-mastoid,  and  should  be  so  planned  that 
the  centre  of  the  wound  shall  correspond  to  a  point  about  one 
inch  to  the  inner  side  of  the  centre  of  the  clavicle.  This  first 
incision  divides  the  integuments,  the  platysma  and  the  supra- 
clavicular nerves,  with  possibly  a  vein  which  passes  over  the 
clavicle  to  connect  the  cephahc  vein  with  the  external  jugular. 
The  amount  of  trapezius  and  sterno-mastoid  exposed  will 


Fig.  36. — LIGATUEE  OF  THE  FIRST  PAET  OF  THE 
AXILLAEY  AETEEY,  THE  THIED  PAET  OF  THE 
SUBCLAVIAN,  THE  COMMON  CAROTID,  AND  THE 
LINGUAL. 
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depend  upon  the  extent  to  which  those  muscles  are  attached 
to  the  clavicle. 

The.  deep  cervical  fascia  is  now  reached,  and  is  divided 
in  the  length  of  the  original  wound.  No  director  should  be 
employed.  If  the  surgeon  cannot  divide  the  fascia  without 
the  aid  of  this  dangerous  instrument  he  had  better  not  attempt 
the  operation.  The  external  jugular  vein  nmst  now  be  dealt 
with.  Very  probably  it  can  be  drawn  aside  and  may  be  held 
by  a  small  blunt  hook  towards  the  outer  angle  of  the  wound. 
If  it  obstruct  the  area  of  the  operation  in  a  more  determined 
manner,  it  may  have  to  be  divided  between  two  ligatures. 
Sometimes  when  an  actual  plexus  of  veins  exists  in  front 
of  the  artery  much  difficulty  is  encountered.  All  bleeding 
vessels  must  be  secured.  The  wound  throughout  should  be 
as  bloodless  as  possible. 

The  outer  margin  of  the  anterior  scalene  muscle  should 
next  be  defined,  and  the  position  of  the  omo-hyoid  made  out. 
The  latter  muscle,  if  at  all  in  the  way,  must  be  drawn  upwards. 
When  the  edge  of  the  scalene  muscle  has  been  made  plainly 
evident,  the  finger  should  be  passed  along  it  until  the  tubercle 
on  the  first  rib  is  encountered.  The  finger  will  now  be  in 
contact  with  the  arter}^  and  its  pulsations  can  be  felt  (Fig.  37). 

The  vessel  will  be  found  actually  resting  upon  the  bone. 
A  little  careful  dissection  will  clear  the  artery  and  bring  into 
vieAv  the  lowest  cord  of  the  brachial  plexus. 

This  nerve  cord  should  be  systematically  exposed  by  a 
slight  and  careful  dissection.  It  may  be  at  once  said  that  it 
has  been  the  source  of  some  of  the  more  serious  mistakes 
which  may  be  made  in  this  operation.  The  subclavian  vein 
will  be  seen  and  felt,  but  it  seldom  encroaches  much  upon 
the  field  of  the  operation. 

The  transverse  cervical  artery  runs  high  up,  and  will  prob- 
ably not  come  into  view.  The  suprascapular  artery  keeps 
under  cover  of  the  clavicle.  The  fascia  surrounding  the  sub- 
clavian is  fairly  substantial. 

The  needle  (unthreaded)  may  now  be  very  carefully  passed 
from  above  downwards  and  from  behind  forwards.  Its  course 
must  be  directed  by  the  forefinger  of  the  left  hand.  By  this 
finger  the  vein  is  protected  and  held  out  of  the  way.  If  the 
needle  bo  passed  from  below — i.e.,  from  the  vein — it  is  easy  to 
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pick  up  the  last  cord  of  the  plexus  with  the  artery.  The  pleura 
has  been  wounded  by  a  needle  which  has  been  carelessly 
passed. 

Comment.  The  incision  above  described  is  substantially 

the  same  as  that  carried  out  by  Kamsden. 

The  operation  is  difficult,  and  requires  a  very  steady  hand 
and  a  very  perfect  control  over  the  scalpel  and  forceps.  The 
parts  should  be  cautiously  exposed  by  means  of  the  knife,  and 


Fig.  37. — LIGATUBE  OP  THE  EIGHT  SUBCLAYIAN  (THIED  PAET). 

A,  Clavicle  ;  B,  Stenio-mastoid ;  c,  Trapezius  ;  d,  Orao-hyoid ;  E, 
Anterior  scalene  ;  F,  Cervical  fascia ;  a,  Subclavian  artery ;  b, 
Subclavian  vein ;  c,  Ext.  jugular  vein  ;  d,  Transverse  cervical 
artery  ;  1,  Brachial  plexus. 

not  by  means  of  tearing  and  rending  with  the  fingers  and 
blunt  instruments. 

One  author  advises  that  no  further  use  should  be  made  of 
the  knife  when  once  the  deep  fascia  has  been  divided.  The 
rest  of  the  operation  may  be  accomphshed,  he  affirms,  by 
tearing.  This  procedure  is  uncouth,  unsurgical,  and  bar- 
barous. It  encourages  the  rending  of  the  many  veins  in 
the  vicinity,  the  displacement  of  the  tissues,  and  the  rupture 
of  the  pleura.  With  reference  to  this  plan  of  operating  by 
tearing,  however,  the  author  in  question  consoles  the  reader 
by  the  observation  that  "  herein  lies  the  difference  in  my 
teaching  from  that  of  other  operators." 

In  order  to  obtain  sufficient  room,  portions  of  the  trapezius 
or  of  the  sterno-mastoid  may  have  to  be  cut. 

The  transverse  cervical  or  suprascapular  arteries  may  be  in 
the  way.   They  should  be  drawn  aside,  but  in  no  case  divided, 
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as  they  play  a  most  important  part  in  the  collateral  circulation. 
These  arteries  have  been  injured  during  the  operation,  as  have 
also  been  the  external  jugular  vein  and  the  phrenic  nerve. 

If  the  neck  be  short  and  the  patient  stout,  the  difficulties 
of  the  operation  are  much  increased.  Great  difficulty  will 
also  be  experienced  when  the  veins  have  a  plexiform  arrange- 
ment or  are  engorged,  and  when  the  tissues  are  found  to  be 
oedematous  and  matted  together. 

The  pleura  has  been  several  times  wounded  in  passing  the 
needle,  and  in  many  of  the  fatal  cases  where  this  accident  is 
not  noted  the  patient  succumbed  to  intra-thoracic  inflaimiia- 
tion.  Both  Listen  and  Green  passed  the  ligature  around  the 
last  cord  of  the  brachial  plexus  by  accident.  South  has  seen 
the  posterior  scapular  artery  picked  up  and  mistaken  for  the 
subclavian. 

In  very  few  instances  does  the  subclavian  vein  appear  ta 
have  been  wounded. 

Difficulties  may  be  caused  by  the  presence  of  a  cervical 
rib  or  by  an  abnormality  in  the  artery. 

Collateral  Circulation  after  Ligature  of  the  Third  Part 
of  the  Subclavian  Artery. 

Ahoir.  Below. 

Suprascapular  \  ^j^j^         |  Acromio-thoracic  and 

Posterior  scapular  )  ^  Subscapular. 

Internal  Mammary  \  (  Thoracic  and  Scapular 

Aortic  Intercostals  \  with         j         branches  of  Axillary. 

Superior  Intercostals  \  f 

Varieties  of  the  Subclavian  Artery : — 

1.  Variations  in  the  origin  of  the  subclavian  have  httle 

effect  upon  the  third  part  of  the  artery. 

2.  A  cervical  rib  may  exist,  and  the  artery  be  carried 

upon  it,  or  upon  the  librous  cord  in  Avhich  such 
ribs  often  terminate  anteriorly. 

3.  The  artery  may  reach  as  high  as  one  inch  or  even 

(especially  on  the  right  side)  one  inch  and  a  half 
above  the  clavicle,  or  may  be  so  low  as  to  be  en- 
tirely under  cover  of  the  clavicle. 

4.  The  artery  may  perforate   the  anterior  scalene 

muscle,  and  in  rarer  cases  may  be  in  front  of  it. 
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5.  The  posterior  scapular  artery,  and  more  rarely  the 
suprascapular,  may  arise  from  the  third  part  of  the 
artery. 

THE  INNOMINATE  ARTERY. 

Anatomy. — This  vessel  has  a  diameter  of  about  14  m.m.,. 
a  length  of  from  one  to  two  inches,  and  is  roughly  repre- 
sented by  a  line  drawn  from  the  centre  of  the  manubrium  to 
the  sterno-clavicular  joint.  "  The  place  of  bifurcation  would,, 
in  most  cases,  be  reached  by  a  probe  passed  backwards  through 
the  interval  between  the  sternal  and  clavicular  portions  of  the 
sterno-mastoid  muscle"  (Quain).  The  artery  may  divide  at 
a  point  considerably  below  the  clavicle,  and,  less  fi-equentl}^ 
at  a  point  above  it.  The  vessel  may  in  some  uncommom 
instances  give  off'  the  thyroidea  ima,  or  even  the  internal 
mammary  or  bronchial  arteries. 

The  innominate  is  separated  from  the  sternum  by  the- 
sterno-hyoid  and  sterno-thyroid  muscles,  the  remains  of  the 
thymus  gland,  and,  near  its  root,  by  the  left  innominate  vein. 

It  is  in  close  connection  Avith  the  trachea,  and  in  still  more 
intimate  relation  with  the  pleura.  On  the  right  side  are  the 
right  innominate  vein  and  the  vagus  nerve ;  on  the  left  are  the- 
inferior  thyroid  veins  and  the  left  carotid  artery. 

Indications.— This  vessel  has  been  secured  for  the  relief  of 
carotid  and  subclavian  aneurysms.  The  results,  however,  of 
the  operation  have  been  such  that  it  is  questioned  whether  it 
is  to  be  considered  as  a  justifiable  surgical  procedure. 

So  far  as  present  experience  extends  as  to  the  circumstances, 
which  influence  the  success  of  the  ligature  of  large  arteries,  it 
Avould  appear  that  hgature  of  the  innominate  carries  with  it 
a  better  prospect  of  success — other  things  being  equal — than 
does  ligature  of  the  first  part  of  the  subclavian.  It  is  true 
that  the  innominate  is  deeply  and  inconveniently  placed ;  it  is 
true  that  the  operation  is  exceedingly  difficult ;  it  is  true  that 
the  vessel  is  nearer  to  the  heart ;  but,  on  the  other  hand,  the 
trunk  gives  off"  normally  no  branches,  there,  is  room  for  the 
application  of  the  ligature,  and  the  vessel  is  not  in  so  intimate 
relation  with  such  nerves  as  the  vagus,  the  sympathetic,  the 
phrenic,  and  the  recurrent  laryngeal,  as  is  the  first  part  of  the: 
subclavian. 
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It  would  appear  (Ashhiirst)  that  this  Hgature  has  been 
carried  out  at  least  twenty-four  times :  but  only  two  patients 
have  survived  the  operation.  One  of  these  cases  was  under 
the  care  of  Dr.  Smyth,  of  New  Orleans  (SycL  Sac.  Bien.  Reirofs., 
18G5-G,  page  846).  The  patient,  after  exhibiting  symptoms  of 
secondary  hccmorrhage,  recovered  and  Hved  ten  years.  In  the 
second  case  the  operation  was  performed  by  Mr.  Mitchell 
Banks  (Jacobson's  Oj^erations  of  Surgery,  page  529),  and  the 
patient  lived  fifteen  weeks. 

In  all  the  fatal  cases  death  has  followed  from  secondary 
hiemorrhage.  Some  patients  have  survived  the  operation 
many  days.  Thus  Thompson's  patient  lived  forty-two  days, 
.and  Graefe's  sixty-seven  days.  Both  ultimately  succumbed 
to  secondary  hsemorrhage. 

Several  of  the  operations  included  in  the  list  have  been 
performed  within  quite  recent  times,  and  under  the  most 
approved  antiseptic  ^^rinciples,  but  the  results  have  not  been 
substantially  modified. 

TIlb  great  danger  is  from  secondary  haemorrhage,  which 
takes  place  apparently  always  from  the  vessel  on  the  distal  - 
side  of  the  ligature.   Other  complications  have  appeared,  such 
as  suppurative  cellulitis,  pericarditis,  cerebral  embolism,  lung 
troubles,  &c. 

The  first  operation  was  performed  by  Dr.  Mott,  of  New 
York,  in  1818,  for  subclavian  aneurysm.  The  patient  died 
•on  the  26th  day  of  secondary  hajmorrhage  {Med.  and  Surg. 
Register  of  New  York,  1818,  page  8).  An  excellent  summaiy 
of  the  chief  cases  is  given  by  Mr.  W.  G.  Spencer  in  a  paper 
published  in  The  British  Medical  Journal,  July  13th,  1889. 

Operation. — The  position  of  the  patient  and  of  the  surgeon 
is  the  same  as  in  the  previous  operation.  A  good  hght  is  re- 
quired, and  means  should  be  at  hand  for  illuminating  the 
■depths  of  the  wound.  Several  aneurysm  needles  of  different 
patterns,  and  presenting  several  varieties  of  curve,  should  be 
provided. 

The  operation  here  described  is  identical  in  all  essential 
particulars  with  the  original  procedure  of  Mott. 

An  incision  is  made  along  the  upper  border  of  the  inner 
third  of  the  clavicle,  and  a  second  cut  follows  the  anterior 
•edge  of  the  sterno-mastoid  nuiscle.    Each  incision  is  at  least 
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three  inches  in  length,  and  they  join  one  another  at  an  acute 
angle. 

The  skin  and  superficial  structures  having  been  divided,  the 
flap  marked  out  is  dissected  up. 

The  sterno-hyoid  and  sterno-thyroid  muscles  are  now 
divided  close  to  the  sternum,  together  with  so  much  of  the 
sterno-mastoid  as  is  exposed  in  the  wound. 

Care  must  be  taken  of  the  anterior  jugular  vein,  which 
passes  behind  the  last-named  muscle  near  its  origin.  The 
vein  is  inconstant  in  size,  and  should  be  divided  between  two 
ligatures.  The  deep  cervical  fascia  is  exposed  and  divided  in 
the  lines  of  the  superficial  wound.  The  operator  noAV  seeks 
for  the  common  carotid  artery,  and  having  opened  the  sheath 
of  that  vessel  as  low  down  as  possible,  he  follows  it  until  he  is 
led  to  the  bifurcation  of  the  innominate. 

"  It  is  now,"  writes  Mr.  J  acobson,  "  that  the  real  difficulties 
will  be  met  with.  (1.)  Owing  to  engorgement  of  the  venous 
circulation,  increased  by  the  angesthetic,  the  internal  jugular 
and  innominate  vein  may  be  so  much  enlarged  as  to  protrude 
through  the  wound.  (2.)  An  aneurysm  may  have  reached 
under  the  artery  and  flattened  it  out  so  as  to  make  it  difficult 
of  recognition.  The  cellular  tissue  around  the  vessel  and  be- 
tween it  and  the  sternum  may  be  so  matted  with  adhesions 
as  to  make  it  difficult  to  define  the  artery  and  its  important 
relations  on  the  right  side — viz.,  vagus,  pleura,  and  right 
innominate  vein.  (3.)  The  artery  itself  may  be  enormously 
diseased  and  expanded.  In  tracing  dow"n  the  innominate 
itself,  the  surgeon  must  keep  his  steel  director  most  carefuUy 
on  the  front  of  the  artery.  In  following  the  vessel  down  behind 
the  sternum  in  order  to  find  a  site  for  his  hgature,  he  will  be 
aided  by  sUghtly  flexing  the  head  and  by  a  laryngeal  mirror. 
The  cleaning  the  artery  must  be  done  with  the  utmost  caution, 
especially  on  the  outer  side,  owing  to  the  important  structures 
lying  there ;  of  these  the  innominate  vein  and  the  vagus  may 
be  drawn  outside,  but  it  is  only  by  keeping  the  director  or 
needle-point  very  close  to  the  artery  here  that  injury  to  the 
pleura  can  be  avoided." 

The  needle  should  be  passed  from  without  in,  and  a  little 
from  below  upwards,  so  as  to  avoid  the  pleura  as  far  as 
possible. 

K 
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In  order  to  avoid  the  chief  danger  of  the  operation- 
secondary  haemorrhage  from  the  distal  side  of  the  hgature— 
the  common  carotid  and  the  vertebral  should  be  ligatured  at 
the  same  time.  The  procedure  involves,  therefore,  the 
securing  of  three  arteries. 

No  drainage-tube  should  be  used,  and  every  possible 
means  should  be  taken  to  bring  about  a  primary  healing  of 
the  wound. 

Comment. — Much  has  been  said  upon  the  subject  of  the 
best  ligature  to  use  in  this  operation.  In  the  two  successful 
cases  silk  and  tendon  were  respectively  employed.  So  far  as 
it  is  possible  to  form  an  opinion,  the  precise  nature  of  the 
ligatm-e  would  appear  to  be  a  matter  of  no  very  great  import- 
ance. No  substantial  objection  has  been  urged  against  well- 
prepared,  carefully  selected,  chroniicised  catgut.  The  tendon 
ligature  has  much  to  reconnnend  it. 

Flat  ligatures  can  hardly  be  said  to  have  estabhshed  un- 
doubted claims  of  superiority.  The  fiat  ligature  is  clumsy, 
and  is  not  readily  passed  around  the  artery.  The  knot  formed 
is  very  bulky.  If  tightly  appUed,  the  whole  of  the  ligature 
does  not  he  flat  upon  the  artery,  but  near  the  Imot  it  will  be 
usually  found  to  be  cutting  into  the  vessel  with  its  edge.  It 
can  only  be  said  of  these  ligatures  that  they  are  flat  before 
application.  It  has  not  been  shown  that  they  are  free  from 
the  objection  of  becoming  loosened  on  account  of  the  knot 
becoming  soft  or  untied. 

In  Mr.  May's  case  of  ligature  of  the  innominate,  the  flat 
ligature  passed  around  the  vessel  snapped  in  the  tying,  and 
this  very  serious  accident  was  repeated  twice.  He  substituted 
for  the  flat  ligature  a  cord  made  of  five  or  six  medium-sized 
threads  of  catgut.  The  knot  was  very  large,  and  he  thinks 
that  the  pressure  of  it  upon  the  vessel  was  the  cause  of  the 
secondary  haemorrhage  of  which  the  patient  died.  Mr.  Holmes 
is  disposed  to  regard  the  fiat  ligature  favourably. 

In  Mr.  Thompson's  case  of  ligature  of  the  innominate,  the 
patient  lived  six  weeks.  An  ox-aorta  hgature  was  used.  The 
vessel  was  found  to  bo  obliterated,  and  the  ligature  had  en- 
tirely disappeared. 

Collateral  Circulation  after  Ligature  of  the  Innominate 
Artery  (as  given  by  MacCormac). 
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Cardiac  side. 
First  aortic  intercostal 
Upper  aortic  intercostals 


Distal  side. 

with    S'uijerior  intercostal  of  subclavian. 

.,,  e  Thoracic  branches  of  axillary,  and 
with  ?     .  ,        ,  ,     ,  .  ,  , 


Deep  epigastric 


with 


(     intercostals  of  internal  mammary. 

T,;ink-  '  .  -J.!  ( Musculo-phrenic  of  internal  mnm- 

Diwh.^  Phrenic  with  ^ 

i  /  mary. 

Superior  epigastric  of  internal  mam- 
mary. 

/- Free  communication  of  vertebrals  and  internal  carotids  of  opposite  sides 
ITead.   \     inside  the  skull.     Communication  of  branches  of  opposite  external 
(.    carotids  in  middle  line  of  the  face  and  neck. 


THE  VERTEBRAL  ARTERY  (ill.). 

Anatomy. — The  vertebral  artery  is  the  size  of  the  ulnar, 
and  arises  about  one-third  of  an  inch  to  the  inner  side  of  the 
anterior  scalene 
muscle  from  the 
upper  and  back 
part  of  the  first 
part  of  the  sub- 
clavian artery. 

The  vessel 
passes  ■  upwards, 
and  a  little  back- 
wards and  out- 
wards, and  enters 
the  foramen  in  the 
transverse  process 
of  the  sixth  cervi- 
cal vertebra.  It 
runs  in  the  gap 
between  the  an- 
terior scalene 
muscle  and  the 
longiis  colli.  The 
internal  jugidar 
vein  and  the  ver- 
tebral vein  lie  m 
front  of  it.  The 
inferior  thyroid  artery  crosses  it  anteriorly,  as  does  also  the 
thoracic  duct  upon  the  left  side  (Fig.  38). 
K  2 


Fig.  38.— ANATOMY   OF   THE  VEETEBRAL   AND  INEEEIOE 

THYEOiD  A_ETEEIES.   {Modified  from  Godlee's  Atlas.) 

A,  Thyroid  glacd  ;  B,  Trachea ;  c,  Clavicle  ;  D,  Sterno- 
thyroid ;  E,  Scalenus  medius ;  F,  Longus  colh,  with 
sympathetic  nerve  upon  it  ;  G,  Scalenus  anticus  (cut)  ; 
H,  Subclavius ;  I,  Transverse  process  of  Gth  cervical 
vertebra  ;  J,  Briichial  plexus  ;  a,  Left  innominate  vem 
receiving  internal  jugular;  h,  Ext.  jugular  vein  enter- 
ing subclavian  vein  ;  c,  Common  carotid  artery,  with 
vagus  nerve  to  its  inner  side  ;  d,  Subclavian  artery 
crossed  by  nerve  to  subclavius  ;  ■ ,  Vertebral  artei  y 
and  vein  ;  /,  Inferior  thyroid  artery. 
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The  vessel  lies  upon  the  transverse  process  of  the  seventh 
cervical  vertebra,  and  the  cord  of  the  sympathetic  descends 
behind  it.  The  vertebral  is  accompanied  by  a  plexus  from  the 
inferior  cervical  ganglion. 

The  accessible  part  of  the  artery  measures  about  one  inch 
and  a  quarter. 

Indications. — The  vertebral  has  been  ligatured  in 
cases  of  injury,  and  also  in  a  ffew  instances  of  traumatic 
aneurysm. 

It  has  been  ligatured— with  other  arteries — in  the  treat- 
ment of  aortic  and  innominate  aneurysms  by  the  distal 
method,  and  has  been  secured  as  a  precaution  after  ligature 
of  the  innominate.  At  one  time  ligature  of  this  vessel  was 
practised  as  a  means  of  treating  epilepsy ;  the  operation  was, 
how'ever,  soon  abandoned  as  useless.  It  was  carried  out  in 
thirty^six  cases  of  epilepsy  by  Alexander,  of  Liverpool ;  out  of 
this  number  three  patients  died. 

The  vessel  was  first  ligatured  by  Smyth,  of  New  Orleans, 
in  1864. 

Operation, — The  position  of  the  patient  and  of  the  surgeon 
is  the  same  as  in  the  operation  upon  the  third  part  of  the 
subclavian  (page  139). 

A  good  light  is  needed  on  account  of  the  great  depth 
of  the  wound. 

An  incision,  three  inches  in  length,  is  commenced  at  the 
clavicle,  and  is  carried  upwards  along  the  outer  or  posterior 
edge  of  the  sterno-mastoid  muscle.  The  skin  and  superficial 
tissues  are  divided,  and  especial  care  is  taken  to  avoid  wound- 
ing the  external  jugular  vein.  The  deep  fascia  having  been 
severed,  the  sterno-mastoid  is  exposed,  and  with  the  jugular 
vein  is  drawn  inwards. 

It  will  probably  be  necessary  to  divide  some  part  of 
the  clavicular  attachment  of  the  sterno-mastoid  close  to  the 
bone.  The  operator  now  defines  the  scalenus  anticus,  and 
makes  evident  the  interval  between  that  muscle  and  the  longus 
colli.  With  the  finger  he  should  make  out  the  position  of 
the  common  carotid  artery  and  internal  jugular  vein,  and 
define  the  transverse  processes  of  the  seventh  and  sixth 
cervical  vcrtebrte.  The  process  of  the  latter  vertebra  forms  a 
good  guide,  and  below  it  the  pulse  of  the  artery  should  be 
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felt.  The  various  structures  encountered  must  be  carefully 
displaced  to  one  or  other  side. 

The  vertebral  vein  Hes  in  front  of  the  artery,  and  should 
be  pushed  aside.  Care  must  be  taken  not  to  damage  the 
inferior  thyroid  vessels,  the  pleura,  or,  on  the  left  side,  the 
thoracic  duct.  The  phrenic  nerve  need  not  be  exposed. 
The  needle  is  passed  from  without  inwards. 

With  regard  to  certain  pupil  phenomena  attending  the 
operation.  Sir  W.  MacCormac  thus  writes :  "  Immediate  con- 
traction of  the  corresponding  pupil,  due  to  interference  with 
the  dilating  fibres  of  the  cervical  sympathetic,  is  of  very  con- 
stant occurrence,  and  may  be  regarded  as  a  pretty  certain  in- 
dication that  the  vessel  has  been  secured.  Two  small  nerves 
from  the  inferior  cervical  ganglion,  at  first  a  Uttle  separated 
from  the  artery,  are  afterwards  very  closely  applied  to  it. 
AVhen  these  are  included  in  the  loop  of  the  ligature,  the  con- 
traction of  the  pupil  will  continue  for  a  considerable  time.  A 
temporary  contraction  will  occur  when  the  nerves  are  excluded, 
because  of  the  almost  unavoidable  irritation  to  which  they 
are  subjected  during  the  steps  of  the  operation." 

Comment. — The  ligature  of  this  artery  is  a  matter  of  no 
httle  difficulty.  The  greatest  care  must  be  taken  to  avoid 
injury  to  the  various  important  structures  which  lie  adjacent 
to  the  vessel.  Both  the  inferior  thyroid  and  the  ascending 
cervical  arteries  have  been  mistaken  for  the  vertebral 

THE  INFERIOR  THYROID  ARTERY  (iV.). 

Anatomy. — This  vessel  arises  from  the  thyroid  axis  at  the 
inner  margin  of  the  anterior  scalene  muscle.  It  passes 
upwards  in  front  of  the  vertebral  artery  and  longus  colli 
muscles,  and  then  bending  inwards  and  a  httle  downwards, 
passes  behind  the  common  carotid,  the  internal  jugular  vein, 
the  vagus,  and  the  sympathetic  (Fig.  38),  The  middle  cervical 
ganglion  rests  upon  it.  The  ascending  cervical  branch  arises 
from  the  vessel  just  as  it  is  about  to  pass  behind  the  carotid. 
The  ligature  is  applied  to  the  artery  on  the  distal  side  of  this 
branch. 

The  recurrent  laryngeal  nerve  is  in  close  relation  to  the 
artery  at  its  termination,  and  is  nearly  parallel  to  it  at  its 
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commencement.  The  thoracic  duct  passes  in  front  of  the 
root  of  the  left  artery. 

The  inferior  thyroid  may  arise  direct  from  the  subclavian, 
or  liave  origin  i'rom  the  conunon  carotid  or  vertebral.  It  may 
be  double,  or  entirely  absent. 

The  size,  course,  and  situation  of  the  vessel  vary  very 
greatly  in  cases  of  bronchocele. 

Indications. — The  vessel  is  secured  as  a  i3reliminary 
measure  in  removing  the  thyroid  body,  and  in  cases  of  injury. 
It  has  been  hgatured  also,  together  with  the  superior  thyroid, 
for  the  purpose  of  arresting  the  growth,  or  of  diminishing  the 
iiize,  of  a  bronchocele.  The  very  free  anastomoses  between 
the  thyroid  vessels,  and  the  dangers  of  the  procedure,  have 
rendered  this  measure  very  unsatisfactory.  (See  article  by 
Wolfler,  Wien.  Med.  Woeh.,  1885,  and  summary  of  thirty- 
one  cases.) 

Operation. — An  incision,  three  inches  in  length,  is  made 
along  the  inner  edge  of  the  lower  part  of  the  sterno-mastoid 
muscle,  just  as  in  ligature  of  the  common  carotid  low  down. 
The  wound  reaches  to  the  clavicle.  The  sterno-mastoid  is 
exposed  and  drawn  outwards,  the  carotid  artery  and  its  vein 
are  reached  and  are  drawn  carefully  outivards.  The  surgeon 
now  seeks  for  the  transverse  process  of  the  sixth  cervical 
vertebra,  and  a  little  below  that  the  artery  may  be  discovered, 
passing  inwards  from  behind  the  carotid  (Fig.  38).  It  is  liga- 
tured close  to  the  carotid,  and  in  this  way  the  immediate 
neighbourhood  of  the  recurrent  laryngeal  nerve  is  avoided. 

THE  COMMON  CAROTID  ARTERY  (l.). 

Anatomy. — The  right  common  carotid  commences  at  the 
level  of  the  sterno-clavicular  articulation,  and  the  cervical 
part  of  the  left  may  be  considered  to  commence  at  the  same 
point.  The  vessel  bifurcates  opposite  to  the  upper  margin  of 
the  thyroid  cartilage,  on  a  level  with  the  third  cervical 
vertebra.  The  omo-hyoid  crosses  the  carotid  opposite  to  the 
lower  margin  of  the  cricoid  cartilage,  on  a  level  with  the  sixth 
cervical  vertebra. 

The  vessel  helow  the  omo-Jiyoid  is  deepl}^  placed,  being 
covered  in  front  by  the  skin,  platysma,  fascia,  sterno-mastoid, 
sterno-hyoid,  and  sterno-thyroid  nuiscles.    This  part  of  the 
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artery  may  also  be  overlapped  by  the  thyroid  body.  The 
anterior  jugular  vein  passes  in  front  of  it,  and  the  inferior 
thyroid  artery  and  recurrent  laryngeal  nerve  behind  it. 

The  vessel  above  the  omo-hyoid  is  superficial,  being  covered 
only  by  the  skin,  platysma,  and  cervical  fascia,  and  overlapped 
by  the  inner  margin  of  the  sterno-mastoid  muscle.  This  part 
of  the  artery  is  crossed  by  the  sterno-mastoid  branch  of  the 
superior  thyroid  artery,  and  by  the  superior  thyroid  vein.  The 
middle  thyroid  vein  will  usually  cross  the  carotid  with  the 
omo-hyoid  muscle.  The  superior  thyroid  vein  is  often  double, 
and  may,  in  some  cases,  form  a  species  of  plexus  in  front  of 
the  carotid. 

Along  the  inner  border  of  the  sterno-mastoid,  below  the 
hyoid  bone,  a  vein  generally  runs  which  serves  to  connect  the 
facial  vein  with  the  anterior  jugular. 

Behind  the  common  carotid,  in  its  entire  course,  are  the 
cervical  vertebra,  the  longus  colli  muscle,  and  the  sympathetic 
nerve.  Above  the  level  of  the  cricoid  cartilage,  the  rectus 
capitis  anticus  major  muscle  is  also  posterior  to  the  artery. 

The  carotid  sheath  is  derived  from  the  cervical  fascia,  and 
is  very  substantial.  It  encloses  the  artery,  the  internal  jugular 
vein,  and  the  vagus  nerve.  Each  of  the  three  has  its  own 
especial  investment.  The  nerve  is  posterior  to  both  the  artery 
and  the  vein,  and  its  canal  lies  in  the  septum  which 
separates  these  two  vessels.  The  vein  is  to  the  outer  side  of 
the  artery — on  the  right  side  the  two  become  a  little  separated 
at  the  root  of  the  neck,  while  on  the  left  side  the  vein  over- 
laps the  artery  shghtly  in  that  position.  The  right  jugular 
vein  is  larger  than  the  left,  and  the  combined  sectional  areas 
of  the  two  jugular  veins  are  to  those  of  the  carotids  as  twenty 
to  eleven.  The  descendens  noni  nerve  descends  along  the 
front  of  the  carotid  sheath,  inclining  gradually  from  the  outer 
to  the  inner  side.  The  nerve  frequently  runs  within  the  sheath. 
The  sympathetic  nerve  is  close  to  the  carotid  sheath  behind. 

Line  of  the  Artery. — The  course  of  the  common  carotid  is 
represented  by  a  line  drawn  from  the  sterno-clavicular  articu- 
lation to  a  point  midway  between  the  angle  of  the  jaw  and 
the  tip  of  the  mastoid  process. 

A  valuable  guide  to  the  artery,  at  about  the  point  of 
crossing  of  the  omo-hyoid  muscle,  is  afforded  by  Chassaignac's 
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"carotid  tubercle."  This  is  the  costal  process  of  the  sixth 
cervical  vertebra,  and  the  artery  lies  directly  over  it.  It  is  to 
be  found  about  two  and  a  half  inches  above  the  clavicle. 

Indications. — The  common  carotid  has  been  tied  for  many 
different  conditions.  It  has  been  ligatured  on  account  of 
wound,  on  account  of  htemorrhage  arising  from  definite 
branches  of  the  external  carotid  (e.g.,  the  superior  thyroid, 
hngual,  temporal),  and  on  account  of  bleeding  generally  from 
parts  on  the  distal  side  of  the  vessel.  Thus  the  carotid  has 
been  secured  in  cases  of  hrernorrhage  from  the  orbit,  the 
middle  ear,  the  tongue,  the  mouth,  the  tonsil,  the  maxilla^ 
and  in  cases  of  cut  throat,  gunshot  wound,  and  the  like. 

A  ligature  has  been  applied  in  cases  of  aneurysm  of  the 
external  or  internal  carotid,  in  intracranial  aneurysm,  and  in 
examples  of  angcioniata  involving  the  branches  of  the  carotid. 
The  distal  ligature  has  been  applied  to  the  vessel  in  some 
instances  of  aneurysm  of  the  aorta  or  innominate  artery.  The 
common  trunk  has  been  secured  to  restrain  hisemorrhage,  and 
to  limit  growth  in  the  case  of  certain  malignant  tumours,  and 
to  check  bleeding  during  the  removal  of  such  growths.  The 
ligature  of  the  carotid  as  a  means  of  treating  epilepsy  has  been 
abandoned  as  useless. 

I  have  advocated  the  application  of  a  temporary  ligature 
or  loop  to  the  common  carotid  in  instances  where  a  per- 
manent occlusion  of  the  artery  is  not  essential  (Lancet, 
January,  1888). 

The  common  carotid  appears  to  have  been  first  secured 
for  haemorrhage  by  Abernethy,  in  1798  ("  Surgical  Works," 
vol.  ii.).  The  patient  died.  The  ligature  was  successfully 
applied  (for  hsemorrhage)  in  1803  by  Fleming  (Med.-Chir. 
Journal,  vol.  iii.).  Astley  Cooper  was  the  first  surgeon  to 
employ  ligature  of  the  common  carotid  as  a  means  of  treating 
aneurysm.  His  first  operation  was  performed  in  1805,  and 
ended  fatally  (Med.-Chir.  Trans.,  vol.  i.).  His  second  case 
(1808)  recovered. 

The  common  carotid  may  be  secured  at  any  part  of  its 
course  in  the  neck.  The  operations  resolve  themselves,  how- 
ever, into  ligature  above  the  omo-hyoid  muscle  and  ligature 
below  it.  The  former  situation  is  in  every  respect  to  be  pre- 
ferred.   Below  the  muscle  the  vessel  is  deeply  placed;  and 
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has  more  comphcated  relations  to  structures  of  importance. 
Farabeuf  has  well  said  that  "below  the  omo-hyoid  muscle 
the  deaths  are  more  numerous  than  the  recoveries ;  aboye,  the 
recoveries  preponderate  over  the  deaths." 

Position. — The  patient  lies  upon  the  back,  close  to  the 
edge  of  the  table,  ^vith  the  shoulders  raised  and  the  hand  of 
the  affected  side  placed  behind  the  back.  The  chin  should  be 
dra\m  up  and  the  head  turned  a  little  to  the  opposite  side. 
The  surgeon  stands  upon  the  side  exposed  for  operation. 

1.  Ligature  at  the  Place  of  Election  (above  the  Omo- 
hyoid Muscle). — Operation. — The  position  of  the  cricoid  carti- 
lage having  been  defined,  and 
the  situation  of  the  superficial 
veins  made  evident,  an  incision, 
about  three  inches  in  length, 
is  made  in  the  line  of  the  ar- 
tery, and  is  so  placed  that  its 
centre  is  on  a  level  with  the 
cricoid  cartilage  (Fig.  39). 

The  skin  and  platysma  hav- 
ing been  incised  (together  with 
branches  of  the  superficial  cer- 
vical nerve),  the  surgeon  divides 
the  deep  fascia  along  the  ante- 
rior border  of  the  stemo-mastoid 
muscle.  Along  this  border  a 
communicating  vein  between 
the  facial  and  the  anterior 
jugular  may  be  met  with.  The 
edge  of  the  muscle  is  defined, 
and  is  followed  until  the  omo- 
hyoid muscle  is  made  out. 
The  superior  border  of  this 
structure  must  then  be  well  ex- 
posed, and  the  angle  at  which  the  two  muscles  meet  be  clearly 
demonstrated.  The  sterno-mastoid  may  be  drawn  a  Httle 
outwards,  and  the  omo-hyoid  downwards. 

The  pulsations  of  the  artery  should  now  be  sought  for,  and 
the  vessel  can  usually  be  easily  detected,  as  it  crosses  the  con- 
spicuous "  carotid  tubercle." 


Fig.  39. — LIGATURE  OF  THE  RIGHT  OOSf- 
MON  CAROTID  ABOVE  THE  OMO- 
HTOrO. 

A,  Platysma  ;  B,  Cervical  fascia  ;  C, 
Sterno-mastoid  ;  D,  Omo-liyoid  ;  a. 
Common  carotid  ;  h,  Sterno-mastoid 
artery ;  c,  Sup.  thyroid  vein ;  d. 
Internal  jugular  vein. 
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The  artery  is  very  mobile,  and  slips  readily  to  and  fro 
under  the  finger.  If  the  pulse  be  feeble  it  may  present  the 
physical  characters  of  a  flat  cord. 

In  exposing  the  sheath  of  the  artery,  care  must  be  taken 
to  avoid  the  sterno-mastoid  vessel  and  the  superior  or  middle 
thyroid  veins. 

The  sheath  should  be  opened  upon  the  inner  side,  and 
precaution  taken  not  to  damage  the  descendens  noni  nerve. 
Holding  the  sheath  by  the  inner  lip  of  the  wound  which  has 
been  made  in  it,  the  surgeon,  with  an  imthreaded  aneurysm 
needle,  should  clear  the  artery  upon  its  inner  side.  Holding, 
then,  the  outer  lip  of  the  sheath  in  the  forceps,  the  outer  side 
of  the  vessel  can  be  cleared.  By  shifting  the  forceps  as 
recjuired,  the  whole  circumference  of  the  artery  can  be 
separated  from  its  sheath.  This  process  must  be  carried 
out  with  great  care  and  with  thoroughness. 

The  needle  is  passed  from  without  inwards,  is  then 
threaded  and  withdrawn,  bringing  the  ligature  with  it. 

Comment. — In  uncomplicated  cases  the  operation  is  very 
simple.  If  the  tissues  are  matted  together,  or  are  encroached 
upon  by  pus  or  blood,  or  are  displaced  by  a  tumour  or  growth, 
the  procedure  may  be  attended  with  no  little  difficulty  and 
risk. 

If  the  head  be  tinned  too  much  to  the  opposite  side, 
the  sterno-mastoid  is  carried  unduly  far  over  the  artery,  and 
the  border  of  the  muscle  may  be  missed. 

The  operation  may  be  much  complicated  by  the  presence 
of  large  or  distended  veins.  The  internal  jugular  vein  is  of 
considerable  size,  is  very  thin,  and  is  readily  wounded.  Its 
proportions  are  influenced  by  the  respiratory  movements,  and, 
when  the  breathing  is  embarrassed,  it  becomes  at  one  time 
enormously  swollen,  and  at  another  moment  flat  and  com- 
paratively small. 

The  needle  must  be  passed  with  great  care.  The  artery 
has  been  transfixed  by  a  needle  which  has  been  very  roughly 
used.  The  descendens  noni,  the  pneumo-gastric,  and  even  the 
sympathetic  cord,  have  been  accidentally  included  in  the 
ligature. 

Ligature  below  the  Omo-hyoid  Muscle. 

Operation. — The  position  of  the  patient  is  the  same  as  in 
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■the  previous  operation.  The  incision  is  three  inches  in  length, 
is  in  the  Hne  of  the  artery,  and  is  so  disposed  as  to  commence 
a  Uttle  below  the  level  of  the  cricoid  cartilage,  and  end  a  little 
above  the  sterno-clavicular  joint.  It  follows  the  inner  border 
of  the  sterno-mastoid  muscle.  Care  must  be  taken  to  avoid 
the  communicating  vein  from  the  facial,  already  described, 
and  also  the  anterior  jugular  vein. 

The  sterno-mastoid  is  exposed  and  drawn  outwards.  The 
sterno-hyoid  and  sterno- thyroid  muscles  are  likewise  made 
evident,  and  are  drawn  inwards.  The  omo-hyoid,  if  seen, 
is  relegated  to  the  upper  part  of  the  wound. 

It  may  be  necessary  to  divide  the  sternal  part  of  the 
sterno-mastoid,  and  the  whole  or  parts  of  the  sterno-hyoid 
and  sterno-thyroid  muscles,  especially  if  the  ligature  has  to 
be  appHed  as  low  down  as  possible.  Retractors  are  needed 
to  draw  the  muscles  aside,  and  a  good  Hght  is  essential. 

The  inferior  thyroid  veins  may  prove  very  troublesome. 

The  sheath  is  opened  on  its  inner  side,  as  already  described, 
and  the  needle  is  passed  from  "without  inwards. 

Comment. —  The  observations  made  upon  the  previous 
measure  apply  in  the  main  to  the  present  proceeding. 

The  depth  at  which  the  vessel  is  placed  renders  the 
operation  difficult  and  dangerous,  and  on  the  left  side  the 
surgeon's  movements  are  apt  to  be  complicated  by  the 
position  of  the  internal  jugular  vein. 

The  relations  of  the  inferior  thyroid  artery,  and  of  the 
recurrent  laryngeal  nerve,  must  be  borne  in  mind. 

Collateral  Circulation  after  Ligature  of  the  Common 
Carotid. 

Cardiac  Side.  Distal  Side. 

Inferior  thyroid  with  Superior  thyroid. 

Deep  ce^^'ical  with  Occipital. 

Transversalis  colli  with  Occipital. 

The  communications  between  the  two  vertebral  arteries  and  the  branches  of 
tlio  two  external  carotid  arteries. 

The  communications  oft'octed  by  the  circle  of  Willis. 

Varieties  of  the  Common  Carotid  Artery. 

1.  Variations  in  the  origin  of  the  vessels  have  Jittle 
effect  upon  their  course  in  the  neck. 
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2.  The  innominate  may  bifurcate  higher  (as  a  rule, 

lower)  than  usual. 

3.  The  artery  may  bifurcate  as  high  up  as  the  level 

of  the  hyoid  bone,  or  as  low  as  the  level  of  the 
middle  of  the  larynx,  or  even  of  the  cricoid 
cartilage. 

4.  The  place  of  the  common  carotid  may  be  taken 

by  two  parallel  vessels — the  external  and  internal 
carotids. 

5.  From  the  upper  part  of  the  artery  the  superior 

thyroid,  or  ascending  pharyngeal  artery,  may  arise. 
G.  The  vagus  nerve  has  descended  in  front  of  the 
artery. 

THE  EXTERNAL  C.\ROTID  ARTERY  (ll.). 

Anatomy. — This  artery  extends  from  the  level  of  the 
upper  border  of  the  thyroid  cartilage  to  the  level  of  the  neck 
of  the  inferior  maxilla.  It  is  somewhat  tortuous,  but  when 
rendered  straight  measures  about  two  and  three-quarter 
inches.    It  diminishes  rapidly  in  size  as  it  ascends. 

About  its  origin  it  is  covered  only  by  the  integuments,  the 
platysma,  and  the  cervical  fascia,  and  at  the  same  part  it 
is  overlapped  by  the  sterno-mastoid  muscle.  It  soon  becomes 
deeply  placed,  and  passes  beneath  the  digastric  and  stylo- 
hyoid muscles,  and  ultimately  through  a  portion  of  tbc 
parotid  gland.  In  its  upper  part,  it  is  separated  from  the 
internal  carotid  by  the  styloid  process,  the  stylo-pharyngeus 
muscle,  and  the  glosso-pharyngeal  nerve. 

At  the  lower  edge  of  the  digastric  muscle  the  hypoglossal 
nerve  crosses  in  front  of  the  artery.  BeloAv  this  nerve  the 
facial  and  lingual  veins  cross  the  vessel  on  its  anterior  aspect. 
Some  Avay  above  the  digastric  the  glosso-pharyngeal  nerve 
passes  obliquely  behind  the  external  carotid.  The  infra- 
maxillary  branches  of  the  facial  nerve  are  superficial  to 
the  artery  a]?ove  the  digastric.  The  superior  laryngeal  nerve 
is  placed  obliquely  behind  the  vessel  near  its  origin. 

The  anterior  division  of  the  tcmporo-maxillary  vein  may 
pass  with  the  artery  beneath  the  digastric  muscle.  More 
usually  it  lies  superficial  to  that  vessel. 

The  superior  thyroid  arises  directly  from  the  artery  at  its 
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commencement.  The  lingual  takes  origin  at  a^  level  with  the 
greater  cornu  of  the  hyoid  bone.  The  facial  and  occipital 
arise  at  the  same  level  a  httle  above  the  lingual. 


Neck  of  condyle  of 
lower  jaw. 


^  S.th 


S.llb 


Great    cornu  of 
hyoid  bone. 


'  Upper  margin  of 
thjrroid  cartilage. 


Fig.  40. — EXTERNAL  CABOTiD  ARTERY,  NATURAL  SIZE.   {Modified  from  Qiiain.) 
A,  Site  of  ligature  ;  D,  Digastric  muscle. 


Fig.  40  shows  the  artery  at  about  its  natural  size,  and 
serves  to  indicate  the  dimensions  and  position  of  the  branches 
of  the  trunk,  the  intervals  which  separate  their  points  of  origin, 
and  the  relations  of  one  branch  to  another.  The  more  im- 
portant landmarks  in  the  course  of  the  artery  arc  also  shown. 

It  will  be  observed  that  the  digastric  muscle  crosses  the 
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artery  about  one  inch  and  a  quarter  above  its  origin  from 
the  common  carotid,  and  that  the  hypoglossal  nerve  crosses 
at  about  the  height  of  one  inch. 

The  segment  between  the  bifurcation  and  the  digastric 
muscle  represents  the  most  superficial  and  most  accessible 
part  of  the  artery. 

Line  of  the  AHery. — The  external  carotid  is  represented 
by  the  upper  part  of  the  common  carotid  line. 

Others  have  proposed  a  line  drawn  from  the  tip  of  the 
lobule  of  the  ear  to  the  tip  of  the  greater  cornu  of  the  hyoid 
bone. 

Indications. — The  artery  has  been  ligatured  for  haemor- 
rhage following  wounds  and  injuries,  and  involving  the  tnmk 
or  the  branches  of  the  vessel,  for  the  cure  of  aneurysm  and 
the  relief  of  cirsoid  aneurysm  of  the  scalp.  It  has  been 
ligatured  as  a  palliative  measure  in  the  case  of  certain 
malignant  growths,  and  has  been  secured  as  a  preliminary 
measure  to  certain  operations,  e.g.,  removal  of  the  maxilla, 
excision  of  parotid  tumour,  and  the  like.  Harrison  Cripps 
(Med.-Chir.  Trans.,  \o\.  Ixi.,  page  234)  very  properly  urges  that 
in  all  cases  of  haemorrhage  from  branches  of  the  external 
carotid  that  vessel  should  be  secured  whenever  possible,  in 
place  of  the  common  carotid.  The  operation  is  certainly 
less  easy,  but  it  is  attended  with  an  infinitely  smaller  mort- 
ality, the  risks  of  secondary  bleeding  are  reduced,  and  the 
brain  complications,  which  are  so  frequent  a  cause  of  death 
after  ligature  of  the  common  trunk,  are  avoided. 

Among  the  first  to  hgature  the  external  carotid  Chelius 
names  Bushe,  1827  {Lancet,  1827-8,  page  482),  who  applied  a 
ligature  on  account  of  cirsoid  aneurysm,  and  Lizars,  1829 
{Lancet,  1829-30,  page  54),  as  preliminary  to  removal  of  the 
upper  jaw. 

Operation— The  position  of  the  patient  and  of  the  opera- 
tor should  be  the  same  as  is  observed  in  the  jn-evious  opera- 
tion. 

The  "  place  of  election "  is  represented  by  the  portion 
of  the  vessel  between  the  superior  thyroid  and  lingual  arteries. 

An  incision,  two  and  a  half  to  three  inches  in  length, 
is  made  in  the  line  of  the  artery  from  a  point  about  on  a  level 
with  the  middle  of  the  thyroid  cartilagj  to  near  the  angle  of 


LIGATURE  OF  EXTERNAL  CAROTIJ)  ARTERY,  l"!) 


A- 


the  jaw.  The  greater  cornu  of  the  hyoid  bone  will  be  about 
the  centre  of  the  incision. 

The  integuments  and  platysma  having  been  divided,  and 
any  superhcial  vein  secured,  the  fascia  is  cut  through,  and  the 
anterior  border  of  the  sterno-mastoid  is  exposed  in  the  lower 
part  of  the  wound.  This  muscle  must  be  drawn  outwards. 
The  posterior  belly  of  the  digastric  should  next  be  sought  for 
at  the  upper  angle  of  the  wound,  and  below  it  the  hypoglossal 
nerve  should  be  made  evident.  The  surgeon  now  seeks  with 
the  hnger  for  the  tip  of  the  great  cornu  of  the  hyoid  bone,  and 
when  this  is  discovered  all  the 
"points"  leading  to  the  artery 
are  in  evidence  (Fig.  41). 

The  artery  should  now  be 
exposed  ojjposite  to  the  level  of 
the  tip  of  the  great  cornu, 
and  between  the  origins  of  the 
superior  thyroid  and  lingual 
arteries.  In  this  part  of  the 
operation  care  must  be  taken  to 
avoid  the  facial  and  superior 
thyroid  veins.  Lymphatic 
glands-  may  he  in  fi-ont  of  the 
vessel  The  artery  having  been 
cleared,  the  needle  is  passed 
from  without  inwards.  In  effect- 
ing this,  great  care  must  be 
taken  to  avoid  the  superior 
laryngeal  nerve,  which  courses 
behind  the  artery  in  this  situa- 
tion. 

Jacobson  advises  that  the 
superior  thyroid  and  lingual, 
and,  if  possible,  the  ascend- 
ing phar3mgeal  arteries,  should 
be  secured  at  the  same  time,  to  mmimise  the  risk  of  secondary 
hfemorrhage. 

Comment. — This  operation  is  somewhat  difficult,  on  ac- 
count of  the  complicated  relations  of  the  artery,  and  the  fact 
that  the  branches  are  not  always  readily  identified. 
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Fig.    41. — LIGATURE    OF    RIGHT  EX- 
TERNAL CAROTID. 

A,  Platysma;  B,  Cervical  fascia;  c, 
Sterno-mastoid  ;  n,  Digastric  ;  E, 
Great  cornu  of  liyoid  bone  ;  a,  Ex- 
ternal carotid  at  origin  of  superior 
thyroid  ;  6,  Crossing  lingual  artery 
points  to  lingual  vein ;  c,  Facial 
artery  ;  d,  Facial  and  superior  tliy- 
roid  veins  ;  1,  Hypoglossal  nerve. 
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The  artery  has  been  hgatured  above  the  digastric ;  but  the 
procedure  is  still  more  difficult,  and  is  attended  with  several 
special  risks.  The  operation  "  behind  the  ramus  of  the  jaw  " 
is  thus  described  by  Jacobson : — "  This  operation  has  the 
disadvantage  of  probably  entaihng  the  division  of  important 
branches  of  the  facial  nerve.  The  head  and  shoulders  being 
duly  raised  and  supported,  the  surgeon  makes  an  incision 
downwards  from  the  tragus  of  the  ear,  just  behind  the  ramus 
of  the  jaw,  dividing  the  skin  and  fascias.  The  sterno-mastoid 
must  now  be  drawn  outwards,  and  the  digastric  and  stylo- 
hyoid downwards,  and  it  probably  be  needful  to  divide 
these  muscles  partially,  in  order  to  secure  the  artery  before  it 
enters  the  parotid  gland,  this  structure  being  drawn  upwards 
and  forwards.  The  needle  may  be  passed  from  either  side,  as 
is  most  convenient  to  the  surgeon. 

"  Several  veins  connnuni eating  between  the  facial  and  the 
external  jugular  will  probably  cross  the  line  of  incision,  and 
must  be  dealt  with." 

Collateral  Circulation  after  Ligature  of  the  External 
Carotid. — {See  the  collateral  circulation  after  ligature  of  the 
common  carotid.) 

Varieties  of  the  External  Carotid. 

1.  See  the  varieties  of  the  common  carotid. 

2.  The  branches  of  the  artery  may  be  crowded  together 

near  the  commencement  of  the  trunk. 

3.  The  number  of  branches  may  be  diminished ;  two  or 

three  arising  from  one  trunk. 

4.  The  number  of  branches  may  be  increased ;  sub- 

sidiary vessels  arising  from  the  main  artery. 

THE  INTERNAL  CAROTID  ARTERY  (ll.). 

Anatomy. — In  its  course  in  the  neck  this  artery  extends 
from  the  bifurcation  to  the  carotid  canal  in  the  petrous  bone. 
The  vessel  lies  at  first  a  little  behind  the  external  carotid,  and 
slightly  to  its  outer  side. 

The  first  part  of  the  vessel  is  comparatively  superficial, 
and  is  the  only  portion  to  which  a  ligature  can  conveniently 
be  applied.  This  portion,  which  is  not  more  than  one  inch 
and  a  quarter  in  length,  is  covered  by  the  integuments, 
platysma  and  deep  fascia,  and  is  overlapped  by  the  sterno- 
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mastoid.  The  artery  soon  becomes  more  deeply  placed  by 
passing  beneath  the  digastric,  stylo-hyoid,  and  stylo-pharyn- 
geus  muscles,  and  with  this  segment  we  have  no  concern. 
The  internal  jugular  vem  is  close  to  the  artery,  lying  to  its 
outer  side  below,  and  a  little  to  the  postero-external  aspect  as 
the  skull  is  reached.  The  vessel  lies  upon  the  spine  and 
rectus  capitis  anticus  major,  and  is  in  close  relation  with  the 
pharynx.  It  is  invested  in  a  sheath,  which  encloses  also  the 
vein  and  the  vagus  nerve,  the  latter  structure  being  posterior 
to  both  the  vessels. 

The  superior  cervical  ganglion  lies  behind  the  commence- 
ment of  the  artery  (corresponding  to  the  first  three  cervical  verte- 
brte),  and  is  separated  from  it  by  the  superior  laryngeal  nerve. 

The  Line  of  the  Artery  is  practically  identical  with  that 
for  the  external  carotid. 

Indications. — This  vessel  has  been  but  very  rarely  hga- 
tured.  It  has  been  secured  in  cases  of  hemorrhage  following 
injury,  and  notably  punctured  wounds,  and  also  in  cases  of 
traumatic  aneurysm. 

The  internal  carotid  was  Hgatured  by  Keith,  of  Aberdeen, 
in  1851  (Ashhurst's  "Encyclopaedia  of  Surgery,"  vol.  iii., 
page  294). 

Dr.  Lee,  of  Kingston,  United  States,  secured  the  artery  by 
two  ligatures,  in  a  case  of  stab  of  the  neck,  in  1869.  The 
patient  recovered  {ibid.). 

Dr.  Briggs,  of  Nashville,  United  States,  tied  the  artery  on 
the  distal  and  proximal  side  of  a  traumatic  aneurysm  with 
success,  in  1871.  He  ligatured  the  common  carotid  at  the 
same  time  (JLmer.  Journ.  of  the  Med.  Sc.,  Jan.,  1879),  and  in 
1874  Dr.  Sands,  of  New  York,  secured  the  artery  above  and 
below  the  bleedmg  point,  in  a  case  of  secondary  haemorrhage, 
following  an  operation  for  the  removal  of  the  lower  jaw.  The 
case  was  successful  (New  York  Med.  Journ.,  Jan.,  1874). 

Operation. — The  position  of  the  patient  and  the  surgeon 
is  the  same  as  is  observed  in  the  operations  upon  the  common 
or  external  carotid. 

The  internal  carotid  is  secured  only  at  its  commencement, 
close  to  the  bifurcation,  and  the  operation  is,  in  all  essential 
features,  identical  with  that  employed  in  ligaturing  the 
external  carotid  at  the  place  of  election. 

L 


162 


OPERA  TIVE  S VllGER  Y. 


The  incision  is  of  the  same  length,  and  occupies  the  same 
position  in  the  neck,  so  far  as  the  vertical  line  is  concerned. 
It  is  placed  over  the  anterior  edge  of  the  sterno-mastoid  (with 
which  it  is  parallel),  and  is  therefore  a  little  external  to  the 
incision  required  for  the  external  carotid. 

The  muscle  is  drawn  outwards.  The  external  carotid  is 
sought  for  and  exposed,  and  then  the  operator  brings  into 
vjew  the  internal  trunlc.  The  former  vessel  is  drawn  inwards 
with  a  small  blunt  hook,  the  latter  outwards.  The  digastric 
muscle  is  drawn  upwards. 

The  sheath  of  the  vessels  is  opened  with  care,  and  directly 
over  the  artery.  The  needle  is  passed  from  without  inwards, 
with  the  same  precautions  as  are  observed  in  ligaturing  the 
common  carotid.  Care  must  be  taken  to  avoid  injury  to  the 
internal  jugular  vein,  the  vagus  nerve,  the  sympathetic 
ganglion,  and  the  ascending  pharyngeal  artery,  all  of  which 
are  very  close  to  the  vessel  at  the  seat  of  ligature. 

Collateral  Circulation  after  Ligature  of  the  Internal 
Carotid. — The  circulation  between  the  two  internal  carotids 
and  the  vertebrals  is  exceedingly  free  through  the  circle  of 
AVillis. 

Varieties  of  the  Internal  Carotid  Artery. 

1.  The  cervical  part  may  be  unduly  tortuous. 

2.  The  artery  has,  in  rare  cases,  been  absent. 

3.  It  has  given  off,  from  its  lower  part,  the  occipital 

or  the  ascending  pharyngeal  arteries. 

THE  SUPERIOR  THYROID  ARTERY  (iV.). 

Anatomy. — This  vessel  is  the  first  branch  of  the  external 
carotid,  and  arises  close  to  the  bifurcation,  and  a  httle  Avay 
below  the  greater  cornu  of  the  hyoid  bone.  It  curves,  at  first,  a 
little  upwards,  and  then  runs  downwards  and  forAvards  (Fig.  40). 

It  is  only  superficial  at  its  commencement.  It  is  in  close 
relation  behind  Avith  the  superior  laryngeal  nerve.  Its  first 
branch  is  the  hyoid,  and  its  second — which  is  close  to  it — is 
the  sterno-mastoid.  The  former,  as  a  rule,  arises  about 
a  quarter  of  an  inch  from  the  point  of  origin  of  the  superior 
thyroid.  A  more  considerable  interval  intervenes  between  the 
sterno-mastoid  artery  and  the  next  branch,  the  superior 
laryngeal. 
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The  ligature  is  most  conveniently  applied  between  these 
two  branches. 

The  superior  thyroid  artery  varies  nmch  in  size.  There 
may  be  two  vessels,  or  a  single  trunk  may  arise  from  the 
conmion  carotid  or  lingual  arteries. 

Operation. — The  operation  is  in  all  essential  particulars 
identical  with  that  employed  in  exposing  the  external  carotid 
at  the  place  of  election  (Fig.  41). 

The  incision  is  about  two  inches  in  length,  and  is  so  placed 
along  the  carotid  Une  that  the  centre  of  the  cut  is  on  a  level 
with  the  upper  margm  of  the  thyroid  cartilage.  The  external 
carotid  should  be  made  evident,  and  the  superior  thyroid 
traced  from  it.  The  ligature  may  be  applied  close  to  the 
external  carotid,  between  it  and  the  hyoid  branch,  or,  prefer- 
ably, nearer  to  the  larynx,  and  beyond  the  origin  of  the 
sterno-mastoid  artery. 

The  superior  thyroid  veins,  which  often  have  a  plexiform 
arrangement,  may  complicate  the  operation.  The  needle  may 
be  passed  from  above  downwards.  Care  must  be  taken  to 
avoid  the  superior  laryngeal  nerve. 

THE   LINGUAL   ARTERY  (iV.). 

Anatomy. — This  artery  arises  nearly  opposite  to  the  greater 
cornu  of  the  hyoid  bone,  and  about  three-quarters  of  an  inch 
above  the  bifurcation  of  the  carotid.  It  ascends  a  httle,  and 
then,  passing  do-\\Tiwards  and  forwards,  fornis  a  curve  (Fig. 
40).  It  soon  disappears  beneath  the  digastric  and  stylo-hyoid 
muscles,  and  running  forwards  under  the  hyo-glossus,  and 
along  the  upper  border  of  the  greater  cornu  of  the  hyoid  bone, 
it  reaches  the  anterior  margin  of  that  muscle,  where  it  turns 
upwards  to  enter  the  under  surface  of  the  tongue. 

The  first  part  of  the  vessel  extends  from  its  origin  to  the 
posterior  margin  of  the  hyo-glossus  muscle  (kerato-glossus). 

The  second  part  is  that  which  lies  under  the  hyo-glossus 
muscle;  and  the  third  part  is  that  slender  portion  of  the 
vessel  which  extends  beyond  the  anterior  margin  of  the 
muscle  (basio-glossus). 

The  first  pfui  is  covered  by  the  skin,  platysma,  and  deep 
fascia,  and  by  some  of  the  cervical  glands.    It  forms  a  kind 
of  loop,  which  is  crossed  by  the  hypoglossal  nerve,  and  by 
li  2 


164 


OPEIlATJrE  SURGE HY. 


the  facial  and  lingual  veins.  The  digastric  and  stylo-hyoid 
muscles  cross  this  segment  of  the  artery  before  the  hinder 
border  of  the  hyo-glossus  is  reached. 

This  part  of  the  lingual  lies  behind,  upon  the  middle  con- 
strictor and  the  superior  laryngeal  nerve. 

From  the  first  part  arise  the  hyoid  and  dorsalis  lingute 
branches,  the  former  about  half  an  inch  from  the  origin  of 
the  artery,  the  latter  near  to  the  posterior  border  of  the  hyo- 
glossus,  under  cover  of  which  border  it  ascends  to  the  tongue. 

The  hyoid  branch  is  inconstant,  and  may  be  absent. 

The  second  'part  of  the  lingual  lies  beneath  the  hyo-glossus, 
and  has  a  nearly  horizontal  course.  It  rests  upon  the  genio- 
glossus,  and  is  placed  below  the  level  of  the  hypoglossal 
nerve,  which  is  entirely  superficial  to  it.  Tlie  sublingual 
branches  arise  from  this  part,  taking  origin  near  the  anterior 
border  of  the  hyo-glossus  muscle. 

The  ikird  pwrt  of  the  artery  takes  the  name  of  the  ranine, 
and  is  distributed  to  the  tongue. 

The  veiuH  attending  the  lingual  artery  are  divided  into 
three  sets.  1.  The  ranine  vem,  the  largest,  has  a  course 
independent  of  the  artery.  It  runs  on  the  superficial  surface 
of  the  hyo-glossus,  below  the  hypoglossal  nerve,  and  about 
on  a  level  with  the  lingual  artery,  which  is  beneath  the 
muscle.  2.  Two  very  small  veme  comites  accompany  the 
artery  in  its  course  beneath  the  hyo-glossus.  3.  Several  veins 
usually  attend  the  dorsalis  lingute  artery,  and  often  have  a 
plexiform  arrangement.  These  three  sets  of  veins  may  enter 
into  a  common  trunk,  the  hngual  vein,  but  very  frequent^ 
they  enter  separately  into  the  internal  jugular,  or  common 
facial  veins. 

The  lingual  artery  may  arise  from  the  superior  thyi'oid,  or 
from  the  facial,  or  it  may  be  replaced  by  a  branch  of  the 
internal  maxillary  artery. 

The  vessel  may  run  between  the  fibres  of  the  hyo-glossus 
muscle,  close  to  its  origin  fi-om  the  bone. 

Indications. — The  lingual  has  been  ligatured  in  cases  of 
liMiinorrhage  following  wound  of  the  artery  or  its  branches. 
The  ligature  has  been  employed  to  arrest  bleeding  in  advanced 
cancer  of  the  tongue,  and  to  modify  the  growth  of  the  cancer 
in  cases  mifitted  for  other  operation.    The  lingual  has  been 
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secured  in  the  treatment  of  macroglossa.  The  most  common 
circumstance,  however,  under  which  this  vessel  is  tied,  is  as  a 
prehminary  measure  in  the  removal  of  the  tongue. 

The  artery  may  be  secured  in  either  the  first  or  the  second 
part  of  its  course.  In  the  former  situation  a  ligature  is  but 
very  rarely  apphed,  the  place  of  election  being  in  the  second 
segment  of  the  vessel  as  it  lies  beneath  the  hyo-glossus  muscle, 
and  occupies  the  digastric  triangle. 

The  operation  for  the  hgature  of  the  first  part  is  ascribed 
to  Charles  Bell  (1814),  and  that  for  the  securing  of  the  Hngual 
at  the  place  of  election  to  Pirogoff  (1S36). 

1.  Ligature  of  the  Artery  at  the  "Place  of  Election," 
i.e.,  beneath  tJte  ]tyo-glo.ssm  ".nii-^vle. 

PoHitum. — The  patient  hes  close  to  the  edge  of  the  table, 
with  the  shoulders  raised,  with  the  arm  of  the  attected  side 
passed  behind  the  back,  and  Avith  the  face  turned  to  the  oppo- 
site side.  An  assistant  must  keep  the  chin  drawn  well  up- 
wards, and  the  lower  jaw  fixed.  The  surgeon  stands  upon 
the  side  to  be  operated  upon.  The  chief  assistant  is  placed 
opposite  to  him,  and  leans  over  the  patient's  body.  A  second 
assistant  stands  by  the  surgeon's  side.  His  chief  duty  is  to 
hold  the  hook  which  commands  the  digastric  tendon.  The 
patient  must  be  well  ani^sthetised  before  the  operation  is 
commenced.  In  male  subjects  the  skin  of  the  submaxillary 
region  should  be  shaved. 

Operation. — An  incision,  some  two  inches  in  length, 
curved,  and  with  the  convexity  downwards,  is  made  between 
the  lower  jaw  and  the  hyoid  bone.  The  wound  commences  a 
little  below  and  to  the  outer  side  of  the  symphysis,  and  ends 
a  httle  below  and  to  the  inner  side  of  the  point  where  the 
facial  artery  crosses  the  lower  margin  of  the  maxilla.  Its 
centre  is  just  above  the  greater  cornu  of  the  hyoid  bone  (Fig. 
36).  On  the  right  side  the  incision  is  made  from  behind  for- 
wards, on  the  left  side  from  before  backwards. 

The  integuments,  platysma,  and  superficial  fascia  are  di- 
vided in  the  line  of  the  incision.  Certain  superficial  veins 
will  be  encountered,  and  some  will  probably  have  to  be 
secured.  These  veins  are  the  submental  or  other  tributary  of 
the  facial,  or  some  tributary  of  the  anterior  jugular. 

It  will  now  be  convenient  to  apply  ligature  retractors  (.see 
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page  55)  in  order  that  the  depths  of  the  wound  might  be  well 
laid  open. 

The  next  step  is  to  fully  expose  the  submaxillary  gland. 
It  is  lodged  in  a  special  compartment  of  the  cervical  fascia 
This  f  ascia  should  be  opened  transversely  over  the  loAvcr  part 
of  the  gland,  and  the  organ  should  be  cleared  and  brought 
well  out  into  the  wound  by  means  of  the  tinger  and  the 
handle  of  a  scalpel.  The  gland  should  be  turned  upwards  on 
to  the  margin  of  the  jaw,  and  be  kept  out  of  the  operation 
area  by  means  of  ii  broad  and  well-curved  retractor  held  by 
the  chief  assistant. 

The  fascia  exposed  b}'  the  lifting  out  of  the  salivary  gland 
is  now  to  be  divided  transversely,  and  in  the  anterior  angle  ot 
the  wound  the  posterior  edge  of  the  mylo-hyoid  nuiscle  must 
be  sought  for  and  defined. 

The  digastric  tendon  and  the  two  bellies  of  the  muscle  are 
now  to  be  brought  clearly  into  view.  Around  the  tendon, 
where  it  is  nearest  to  the  hyoid  bone,  a  small  blunt  hook  with 
a  very  long  shaft  or  handle  is  to  be  passed  and  held  by  the 
assistant  who  stands  at  the  surgeon's  side.  The  tendon  should 
be  drawn  downwards  and  towards  the  surface. 

By  this  means  the  area  of  the  operation  is  brought  well 
into  view,  and  is  increased  in  extent ;  the  parts  are  fixed ;  the 
hyoid  bone,  carrying  with  it  the  hyo-glossus  muscle,  is  brought 
nearer  to  the  surface,  and  the  nmscle  in  question  is  put  upon 
the  stretch.  ^ 

The  hyo-glossus  muscle  can  be  noAv  easily  made  out,  and 
its  exposed  surface  freed  of  connective  tissue.  The  hypo- 
glossal nerve  must  be  sought  for,  as  it  crosses  the  muscle,  and 
the  surgeon's  work  be  limited  to  the  segment  of  muscle  below 
the  nerve  (Fig.  42). 

Crossing  the  hj^o-giossus  below  the  nerve,  and  parallel  with 
it,  is  the  ranine  vein.  This  vein  will  about  correspond  in 
position  with  the  artery,  which  hes  beneath  the  muscle. 

The  vein  and  the  nerve  should  be  displaced  upwards. 

The  hyo-glossus  muscle  is  divided  transversely  to  the 
extent  of  about  half  an  inch,  a  little  above  the  margin  of  the 
hyoid  bone,  and  parallel  with  it. 

The  incision  in  the  uuiscular  tissue  must  be  cautiously 
deepened.    If  the  cut  has  been  well  placed,  the  artery-  will 
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bend  out  into  the  wound  and  make  itself  evident  as  soon  as 
the  whole  thickness  of  the  nmscle  has  been  divided. 

The  needle — unthreaded — is  most  conveniently  passed 
fi-om  above  downwards.  In  the  ligature  the  minute  vena3 
comites  which  attend  the  artery  are  no  doubt  included. 

The  Avound  is  gently  washed  out,  and  the  gland  replaced. 
The  edges  of  the  inci- 
sion are   adjusted  by 
sutures,  but  no  drain- 
age-tube is  required. 

Comment.  —  This 
operation  requires  a 
good  hght,  and  is  only 
performed  with  ease 
and  certainty  when  the 
procedure  is  carried  out 
step  by  step. 

The  stages  of  the 
operation  should  be 
marked  in  succession 
by  the  following  points : 
] .  The  complete  hfting 
up  of  the  submaxillary 
gland.  2.  The  demon- 
stration of  the  edge  of 
the  mylo-hyoid  muscle. 

3.  The  clearing  of  the 
digastric  tendon,  and  the  drawing  of  it  outwards  with  a  hook. 

4.  The  demonstration  of  the  hypoglossal  nerve  on  the  hyo- 
glossus  muscle. 

The  incision  may  be  of  less  dimensions  than  those  given, 
or  may  be  extended  if  required. 

If  the  cut  be  carried  too  far  back,  the  facial  vein  and  artery 
are  endangered.  Time  should  not  be  wasted  over  the  early 
part  of  the  operation.  Such  veins  as  are  cut  may  be  clamped 
and  left.  They  seldom  require  a  ligature.  The  gland  must 
be  well  exposed.  The  chief  difficulties  of  the  operation 
depend  upon  the  gland.  I  have  Hgatured  the  lingual  more 
than  sixty  times  (all  in  cases  of  carcinoma  of  the  tongue),  and 
have  come  to  regard  the  state  of  the  salivary  gland  as  the 


Fig.  42.— LIGATUEE  OF  EIGHT  LINGUAL  AETEEY. 

A,  Platysma  ;  B,  Cervical  fascia  ;  C,  Submaxillary 
gland  ;  D,  Mylo-hyoid  ;  E,  Digastric ;  F,  Hyo- 
glossus  ;  ft.  Lingual  artery  ;  h,  Kanine  vein  ;  1, 
Hypoglossal  nerve. 
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main  element  of  nncertainty  in  the  procedure.  This  gland 
varies  in  size,  in  density,  and  in  the  closeness  of  its  attach- 
ments. These  variations  are  probably  never  normal,  but  are 
incident  to  changes  connected  with  cancer  of  the  tongue. 

It  is  most  important  that  the  gland  be  neither  wounded 
nor  damaged,  as  a  temporary  salivary  fistula  may  possibl}' 
follow. 

As  soon  as  the  gland  has  been  turned  out  of  its  bed,  steps 
nmst  be  taken  to  keep  the  wound  quite  bloodless.  Other 
complications  are  attbrded  by  a  matting  together  of  parts  by  a 
past  inflammation,  by  the  presence  of  unusual  veins,  or  of 
enlarged  lymphatic  glands. 

As  the  wound  becomes  deep,  and  the  area  of  the  operation 
very  narrow,  a  pair  of  long-bladed  and  tine  dissecting  forceps 
is  needed. 

The  fixing  of  the  digastric  tendon  and  the  hyoid  bone  by 
means  of  the  small  hook  is  an  essential  -paxt  of  the  operation. 
Embarrassed  breathing  may  form  a  serious  complication  in 
the  later  stages  of  the  procedure. 

The  hyo-glossus  uuiscle  varies  in  thickness ;  the  part 
divided  is,  in  the  main,  the  basio-glossus,  and  the  beginner 
will  find  the  nmscle  much  thicker,  probably,  than  he  had 
imagined. 

The  lingual  has  been  cut  in  dividing  the  muscle  carelessly. 
The  bulging  of  the  artery  into  the  wound  in  the  muscle  is 
very  characteristic  whenever  the  incision  has  been  fortunate 
enough  to  be  accurately  placed.  I  know  of  no  artery  which, 
when  exposed  by  operation,  looks  less  hke  an  artery  than  the 
lingual. 

2.  Ligature  of  the  Artery  at  its  First  Part. 

Operation. — The  patient's  position  is  the  same  as  is  ob- 
served in  ligature  of  the  external  carotid. 

The  same  incision  may  be  used  as  is  employed  in  securing 
that  artery.  The  cut,  however,  should  be  shorter,  and  be  so 
placed  that  its  centre  is  opposite  to  the  body  of  the  hyoid  bone. 

After  the  superticial  structures  have  been  divided,  the 
external  carotid  should  be  sought  for,  and  followed  until  the 
lingual  is  reached  (Fig.  41). 

Or  an  incision  about  one  inch  and  a  half  long  may 
be  made  transversely  in  the  neck,  just  over  the  greater 
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cornu  of  the  hyoid  bone.  This  cut  should  be  sHghtly  convex 
doAvnwards,  and  should  extend  from  the  level  of  the  body  of 
the  hyoid  bone  to  the  margin  of  the  sterno-mastoid  muscle. 
The  integuments,  platysma,  and  fascia  having  been  divided, 
the  greater  cornu  of  the  hyoid  bone  is  sought  for.  The  sub- 
maxillary gland  is  displaced  upwards.  The  hypoglossal 
nerve  is  demonstrated,  and  the  artery  exposed  just  at  the 
anterior  border  of  the  hyo-giossus  muscle,  and  secured  before 
it  has  passed  beneath  that  structure. 

Comment. — These  operations  are  dangerous  and  difficult. 
The  Ugature  is  apphed  to  the  trunk  on  the  proximal  side  of 
the  dorsalis  lingure,  but  this  advantage  is  of  no  great  value,  as 
I  am  not  aware  that  any  difficulty  has  arisen  from  leaving  the 
dorsalis  linguae  unsecured.  The  situation  has  many  disad- 
vantages. The  origin  of  the  hngual  is  subject  to  variation. 
The  hgature  is  applied  close  to  the  main  artery.  The  wound 
is  deep,  and  the  artery  is  not  supported  upon  any  resisting 
structure.  Numerous  veins,  moreover,  more  or  less  entirely 
obscure  the  first  portion  of  the  vessel. 

LIGATURE  OF  OTHER  BRANCHES  OF  THE  EXTERNAL  CAROTID. 

The  facial,  temporal,  or  occipital  arteries  may  require  to 
be  hgatured  in  cases  of  wound,  and  in  still  rarer  instances 
of  traumatic  aneurysm.  The  two  latter  vessels  have  also  been 
secured  in  the  treatment  of  cirsoid  aneurysm  of  the  scalp. 

It  is  unnecessary  to  detail  in  precise  manner  the  various 
steps  involved  in  the  securing  of  these  and  other  of  the 
smaller  arteries  of  the  head  and  neck. 

In  most  instances  the  operation  is  informal,  and  consists 
merely  in  picking  up  a  bleeding  vessel  at  the  bottom  of  an 
existing  wound,  Avhich,  at  the  most,  has  been  merely  enlarged. 

The  Facial  Artery  (IV.)  has  been  Hgatured  in  the  neck, 
through  an  incision  similar  to  that  employed  in  exposing  the 
external  carotid  artery,  or  the  commencement  of  the  lingual 
(Fig.  41).  It  is,  however,  most  conveniently  secured  as  it 
crosses  the  lower  margin  of  the  jaw  (Fig.  48).  A  horizontal 
incision,  one  inch  in  length,  is  made  across  the  course  of  the 
vessel,  along,  and  under  cover  of,  the  inferior  margin  of  the 
jaw.  The  artery  crosses  this  margin  at  the  anterior  border 
of  the  masseter  muscle.    After  the  skin,  platysma,  and  fascia 
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have  been  divided,  the  artery  should  be  in  evidence,  especially 
as  its  pulsations  are  readily  felt.  The  facial  vein  is  behind 
the  artery,  and  very  close  to  it.  The  needle  should  be  passed 
from  behind  forwards. 

A  vertical  incision  in  the  course  of  the  artery  has  been 


advised ;  but  it  exposes  the  vessel  in  a  less  convenient 
manner,  and  leaves  a  more  conspicuous  scar. 

The  Temporal  Artery  (IV.)  may  be  secured  just  in  front 
of  the  meatus,  as  the  vessel  leaves  the  parotid  gland.  An 
incision  one  inch  in  length  is  made  vertically,  over  the  course 
of  the  vessel,  between  the  tragus  and  the  condyle  of  the  jaw. 
The  artery  is  ligatured  just  above  the  root  of  the  z3^goma  (Fig. 
43).    It  is  here  covered  by  the  skin  and  a  dense  fascia.  A 
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singio  largo  vein  accompanies  it,  lying  behind  the  artery  and  • 
overlapping  it.    The  vessel  is  crossed  by  branches  of  the  teni- 
poro-facial  division  of  the  facial  nerve,  and  lies  over  and  behind 
the  auriculo-temporal  nerve.     The  needle  is  passed  from 
behind  forwards. 

The  temporal  bifurcates  about  one  inch  and  a  quarter 
ahove  the  root  of  the  zygoma. 

The  Occipital  Artery  (IV.)  has  been  ligatured  close  to  its 
origin,  and  also  in  that  part  of  its  course  Avhich  lies  beyond 
the  mastoid  process  (Fig.  43).  In  the  first  position  it  is 
reached  by  an  incision  similar  to  that  employed  for  expos- 
ing the  external  carotid  (Fig.  41).  That  vessel  is  made  evi- 
dent, and  the  hypo-glossal  nerve,  which  winds  round  the 
occipital,  is  demonstrated. 

In  the  second  position  a  nearly  horizontal  incision,  two 
inches  in  length,  is  made,  which,  commencing  about  the  tip  of 
the  mastoid  process,  is  carried  backwards  and  a  little  upwards. 
The  skin  and  fascia  having  been  divided,  the  muscles  are 
exposed.  The  posterior  iibres  of  the  sterno-mastoid  must  be 
divided;  the  splenius  is  then  cut,  and  so  much  of  the 
trachelo-mastoid  as  may  be  necessary.  The  surgeon  now  feels 
for  the  interval  between  the  mastoid  process  and  the  trans- 
verse process  of  the  atlas,  and  exposes  the  artery  as  it  escapes 
from  beneath  the  dis'astric  muscle. 

A  good  light  and  suitable  retractors  are  needed  for  this 
operation.  Two  small  vente  comites  attend  the  artery.  Care 
umst  be  taken  not  to  injure  the  veins  issuing  from  the  mastoid 
foramen.  The  needle  may  be  passed  either  from  above  or 
from  below. 
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Ligature  of  the  Artehies  of  tjje  Lower  Limb. 

the  dorsalis  i'edls  artery  (iv.-v.). 

Anatomy. — The  artery  extends  from  the  bend  of  the  ankle 
to  the  jjosterior  end  of  the  first  interosseous  space.  It  hes  on 
the  tarsal  bones — to  which  it  is  attached  by  an  aponeurotic 
layer — between  the  tendons  of  the  extensor  pollicis  and  ex- 
tensor communis  digitorum.  It  passes  beneath  the  lower 
band  of  the  annular  ligament  and  the  dorsal  fascia  of  the 
foot.  Near  its  termination  it  is  crossed  by  the  innermost  slip 
of  the  extensor  brcvis  digitorum. 

Two  venas  comites  accompany  the  artery,  and  the  inner 
branch  of  the  anterior  tibial  nerve  lies  to  its  outer  side.  Occa- 
sionally the  nerve  is  superficial  to  the  artery. 

Varieties  of  the  Dorsalis  Pedis  Artery  : 

1.  The  artery  may  be  wanting  and  its  place  be  supplied 

by  the  anterior  peroneal. 

2.  It  may  curve  outwards  below  the  ankle-joint,  and 

return  to  its  normal  position  at  the  back  of  the 
first  space. 

3.  It  may  pass  through  the  second  space. 

Line  of  the  Artery. — From  the  centre  of  the  front  of  the 
ankle — the  centre  of  the  inter-malleolar  space — to  the  middle 
of  the  first  interosseous  space. 

Operation. — The  patient  lies  upon  the  back.  The  limb  is 
straight  and  the  heel  is  steadied  firmly  on  the  table.  The 
surgeon  stands  to  the  outer  side  of  the  Umb  in  each  case, 
cutting  from  above  downwards  on  the  right  side  and  from 
below  upwards  on  the  left.  One  assistant  stands  on  the  oppo- 
site side  of  the  table  to  steady  the  limb  and  to  hold  the  foot 
in  the  position  of  full  extension.  Another  assistant  attends  to 
the  wound. 
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An  incision,  one  inch  an(i  a  half  long,  is  made  on  the  line 
of  the  artery,  and  connnences  at  the  lower  border  of  the  annu- 
lar hganient.  The  cut  will  be  midway  between  the  tendon  of 
the  extensor  poUicis  and  the  innermost  tendon  of  the  ex- 
tensor comnnmis  (Fig.  44).  The  dorsal  fascia  of  the  foot  is 
divided  in  the  same  line.  The  artery — dften  buried  in  much 
connective  tissue — is  found  lying  close  to  the  bone.  The  ankle 
should  be  a  little  relaxed  from  the  extended  posture  as  the 
artery  is  sought  for.  The  needle  should  be  passed  fi-om  the 
outer  side  to  avoid  the  nerve. 

Comment. — The  operation  is  seldom  required  except  to  tie 
a  bleeding  point.  Aneurysm  of  the  dorsalis  pedis  is  not  ex- 
ceedingly rare.  The  tumour  is  usually  placed  over  the 
scaphoid  or  internal  cuneiform  bone.  Ligature  of  the  artery 
above  and  below  the  aneurysm  has  been  fairly  successful.  The 
inner  division  of  the  nmsculo-cutaneous  nerve  will  be  exposed 
in  the  subcutaneous  tissue,  and  must  be  avoided.  Care  should 
be  taken  not  to  open  the  synovial  sheaths  of  the  two  tendons 
between  which  the  artery  lies.  The  tarsal  branch  of  the  vessel 
arises  opposite  the  head  of  the  astragalus,  and  the  metatarsal 
branch  opposite  the  bases  of  the  metatarsus. 

THE  ANTERIOR  TIBIAL  ARTERY  (IV.). 

Anatomy. — -The  vessel  lies  at  first  close  to  the  inner  side 
of  the  neck  of  the  fibula.  As  it  descends  it  gradually  ap- 
proaches the  tibia,  and  at  the  lower  third  of  the  leg  it  lies  in 
front  of  that  bone.  In  the  upper  two-thirds  of  the  leg,  the 
artery  rests  on  the  interosseous  membrane,  to  which  it  is 
closely  bound  by  connective  tissue.  It  is  at  first  very  deeply 
•placed,  but  at  the  lower  third  of  the  limb  it  becomes  superficial. 
For  the  upper  fourth  the  vessel  lies  between  the  tibialis  anticus 
on  the  inner  side  and  the  extensor  communis  on  the  outer 
side.  From  thence  to  the  lower  end  of  the  middle  third  of 
the  leg  it  hes  between  the  tibialis  anticus  and  the  extensor 
communis  and  extensor  proprius  polhcis,  the  latter  being 
the  more  deeply  placed.  In  the  lower  third,  where  the 
muscles  become  tendinous,  it  is  crossed  gradually  by  the 
extensor  polHcis  tendon,  Avhich  ultimately  lies  to  its  inner 
side.  The  vessel  here  passes  under  the  upper  band  of  the 
annular  ligament. 
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Two  venre  coiuitcs  accompany  the  vessel,  one  lying  in  front 
of  the  artery,  the  other  behind  it.  Tlie  anterior  tibial  nerve 
lies  first  to  the  outer  side  of  the  artery,  then  (for  the  greater 
part  of  its  course)  more  or  less  in  fi-ont  of  the  vessel,  and  lastly 
once  more  to  its  outer  side. 

Line  of  the  Artery.— From  a  point  midway  between  the 

head  of  the  fibula  and  the  outer  tuber- 
osity of  the  tibia,  to  the  centre  of  the 
front  of  th(^  ankle-joint. 

Indications.— The  artery  may  be 
ligatured  at  any  part  of  its  course  on 
the  front  of  the  leg.  The  ligature  in 
the  lower  third  is  the  most  common. 
It  is  performed  here  for  wound  or  for 
aneurysm.  Ligature  of  the  artery 
above  the  lower  third  is  seldom  called 
for,  and  is  probably  limited  to  cases 
of  wound  only.  Aneurysms  are  rare, 
and  are  most  usually  met  with  at 
either  the  upper  or  the  loAver  end  of 
the  artery,  and  not  about  the  middle 
of  its  course.  Ligature  of  the  vessel 
in  its  lower  third  may  be  an  auxiliary 
measure  in  some  cases  of  bleeding 
from  the  foot.  In  punctured  Avounds 
of  the  upper  third  of  the  hmb  great 
doubt  may  exist  as  to  which  arter}'- 
is  divided,  the  anterior  or  the  posterior 
tibial.  In  such  instances  it  is  a 
question  Avhether  p.osition  and  pres- 
sure, followed  possibly  by  the  distal 
ligature,  do  not  form  a  better  measure 
than  a  widely  extended  dissection  in 
search  of  the  bleeding  point. 
1.  Ligature  in  the  Upper  Third  of  the  Leg. 
Positiu'H.- — ^The  patient  lies  upon  the  back.  The  limb  is 
straight  upon  the  table.  The  foot  projects  be3^ond  the  end  of 
the  table,  and  is  forcibly  extended,  and  (with  the  leg)  fidly 
rotated  inwards.  The  surgeon  stands  always  to  the  outer  side 
of  the  limb.    The  incision  for  the  right  artery  is  made  from 


Fig.  44. — LIGATtTBE  OF  THE 
ANTEEIOE  TIBIAL  AETEEY, 
AND  OF  THE  DOESALIS  PEDIS. 
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above  do-vvn;  for  the  left,  from  below  up.  Two  assistants 
stand  on  the  opposite  side  of  the  table— one  steadies  the 
leg  and  manipulates  the  foot,  the  other  attends  to  the 
wound. 

Operation. — Before  anresthetising  the  patient,  the  outer 
margin  of  the  tibiahs  anticus  should  be,  if  possible,  defined  by 
causing  the  patient  to  contract  the  muscle. 

An  incision,  three  and  a  half  inches  in  length,  is  made  pre- 
cisely along  the  line  of  the  artery  (Fig.  44).  Its  upper  end  will 
be  about  one  inch  below  the  head  of 
the  tibia.  The  deep  fascia  is  exposed,  -^^ 
and  is  divided  along  the  same  line. 
The  interval  between  the  tibiahs  an- 
ticus and  extensor  communis  digit- 
orum  is  made  out.  The  foot  is  now 
flexed  to  relax  these  muscles.  The 
space  between  them  is  opened  up  by 
means  of  the  finger  and  handle  of 
the  scaljDel.  In  doing  this,  the  ex- 
ternal border  of  the  tibia  is  aimed 
for,  and  should  be  distinctly  felt 
before  the  artery  is  sought.  In  pro- 
ceeding towards  this  border,  the 
extensor  communis  is  held  down  by 
the  first  two  fingers  of  the  left  \ic:?A, 
while  the  assistant  holds  the  tibiahs 
anticus  towards  the  tibia  with  a  re- 
tractor. The  outer  border  of  the 
tibia  having  been  made  out  with  the 
forefinger,  the  artery  will  be  found  to 
the  outer  side  of  it,  lying  on  the 
interosseous  membrane.  It  is 
covered  and  held  down  by  a  moder- 
ately dense  connective  tissue.  The 

second  retractor  being  used  to  repress  the  extensor  communis 
(Fig.  45). 

The  venfE  comitcs  he  so  close  to  the  artery,  and  in  such  a 
position  {see  page  174),  and  send  so  many  transverse  branches 
across  it,  that  it  is  practically  hnpossible  to  certainly  separate 
They  wiU  be  probably  enclosed  in  the  ligature.  The 


Fig.  45. — LIGATUEB  OP  EIGHT 
ANTEEIOE  TIBIAL  AETEEY 
(UPPEE  THIED). 

A,  Fascia  of  leg ;  B,  Tibialis  aii- 
tiras  ;  c.  Extensor  comnnmis 
digitoium  ;  a.  Anterior  tibial 
artery;  I,  Anteiior  tibial 
veins ;  1,  Anterior  tibial  nerve. 

artery  is  now  exposed. 


them. 
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nerve  lies  to  the  outer  side  of  the  artery.  The  needle  is  passed 
from  Avithout  inwards. 

The  nerve  may  not  be  seen.  It  may  not  join  the  artery 
mitil  the  middle  third  of  the  limb  is  reached.  It,  however, 
usually  meets  the  vessel  at  the  junction  of  the  upper  Avith  the 
second  fourth. 

Comment. — The  only  difficulty  in  this  operation  is  the 
finding  of  the  gap  between  the  tibialis  anticus  and  the  extensor 
communis  digitorum.  Not  the  least  indication  of  it  exists 
upon  the  surface  of  the  deep  fascia.  The  "  white  Hne " 
described  by  some  authors  is  a  myth,  so  far  at  least  as  this 
segment  of  the  limb  is  concerned.  On  the  other  hand,  there 
is  a  distinct  septum  between  the  extensor  communis  and  the 
peroneus  longus.  This  is  indicated  by  a  white  line  often 
marked  by  a  deposit  of  fat,  and  also  by  the  escape  of  cuta- 
neous vessels.  The  fascia  to^  the  inner  side  of  this  line  is  dense, 
and  is  composed  of  oblique  fibres  all  running  downwards  and 
inwards.  This  is  the  fascia  covering  the  tibialis  anticus  and 
the  common  extensor.  The  fascia  to  the  outer  side  of  the 
line — that  covering  the  peronei — is  thinner,  and  made  up 
mainly  of  longitudinal  fibres  crossed  by  a  few  transverse 
streaks. 

In  seeking  the  proper  muscular  interval,  the  following 
points  may  be  observed : — Incise  the  fascia  precisely  in  the 
"  line  of  the  artery."  That  line  corresponds  to  the  gap  between 
the  two  muscles.  In  a  muscular  subject  the  fascia  may  be 
divided  by  a  second  cut  at  right  angles  to  the  first.  Bear  in 
mind  that  the  gap  may  not  be  evident  even  after  a  Uberal  turn- 
ing back  of  the  fascia.  The  fibres  of  the  two  muscles  have  the 
same  direction,  and  the  outer  edge  of  the  tibialis  anticus 
may  overlap  the  border  of  the  extensor  conununis.  There 
is  usually  a  slight  septum  between  the  two  muscles,  but  it 
is  limited  to  the  upper  third  of  the  limb,  or  even  the  upper 
fourth  or  upper  sixth.  From  an  operative  point  of  view  it  is 
not  to  be  relied  upon.  The  gap  required  is  to  be  felt  rather 
than  seen.  No  attempt  should  be  made  to  demonstrate  it  by 
cutting.  The  forefinger  and  handle  of  scalpel  should  alone  be 
used.  The  gap  lies  about  a  finger's  breadth  from  the  septum 
between  the  extensor  communis  and  the  peroneus  longus,  and 
about  an  inch  or  an  inch  and  a  quarter  from  the  tibial  crest. 
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It  can  be  best  made  out  by  pressing  the  forefinger  along  the 
nuiscles  lengthways,  when  it  is  appreciated  as  the  Hne  of  least 
resistance. 

2.  Ligature  in  the  Middle  Third  of  the  Leg. 

Operation. — The  position  is  the  same  as  in  the  above  opera- 
tion. Make  an  incision  three  inches  in  length  along  the  line 
of  the  artery  (Fig.  44).  The  deep  fascia  is  exposed.  The 
interval  between  the  tibialis  anticus 
and  extensor  communis  is  indicated 
by  a  yellowish- white  line.  This  is  due, 
not  to  a  distinct  septum,  but  to  a  hne 
of  fatty  tissue  lodged  between  the  two 
muscles.  In  emaciated  subjects  the 
Hne  may  not  be  apparent.  The  deep 
fascia  is  divided  along  this  line.  The 
two  muscles  above-named  are  found 
lying  close  together.  The  outer  edge 
of  the  tibialis  anticus  is  stiU  muscu- 
lar, but  the  intier  edge  of  the  common 
extensor  is  now  tendinous. 

Flex  the  foot.  Separate  the  mus- 
cles with  the  handle  of  the  scalpel, 
keeping  in  the  direction  of  the  tibia. 
The  artery  is  found  upon  the  interos- 
seous membrane,  with  the  still  deej^ly 
placed  extensor  polhcis  to  its  outer  side. 
The  nerve  will  be  exposed  before  the 
artery  is  reached,  since  it  here  usually 
hes  in  front  of  the  vessel.  The  needle 
may  be  passed  from  either  side.  It 
may  be  impossible  to  separate  the  vente  comites,  but  great 
care  must  be  taken  to  avoid  the  nerve.  In  the  living 
subject  persistent  attempts  to  separate  the  vente  comites  will 
probably  only  lead  to  laceration  of  those  vessels. 

3.  Ligature  in  the  Lower  Third  of  the  Leg. 
Operation. — The  position  is  the  same,  only  the  foot  need 

not  be  so  much  rotated  in. 

An  incision,  two  to  two  and  a  half  inches  in  length,  is 
made  in  the  line  of  the  artery,  and  just  to  the  outer  side  of 
the  tendon  of  the  tibiahs  anticus. 
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Fig.  4G.  — LIGATUEE  OF  RIGHT 

anteriob  tibial  (lower 
third). 

A,  Anterior  annular  liga- 
ment ;  B,  Tibialis  anticus  ; 
C,  Extensor  proprius  pol- 
licis  ;  a.  Anterior  tibial 
artery ;  b,  Anterior  tibial 
veins;  1,  Anterior  tibial 
nerve. 
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The  tendon  must  be  identified  beyond  doubt  before  the 
operation  is  proceeded  with.  The  deep  fascia — here  known  as 
the  upper  band  of  the  anterior  annuhxr  ligament — is  divided 
in  the  same  Hne  ;  and  the  space  between  the  tibiaUs  anticus 
tendon  and  the  tendon  of  the  extensor  polUcis  is  defined. 
Both  tliese  tendons  will  be  exposed.  The  artery  lies  between 
them,  on  the  front  of  the  tibia,  and  embedded  in  a  consider- 
able quantity  of  fatty  connective  ti^ue.  The  foot  is  a  little 
flexed,  the  extensor  pollicis  tendon  is  drawn  to  the  outer  side 
by  a  small  blunt  hook,  and  the  exposed  artery  is  easily  secured. 

The  nerve  lies  to  the  outer  side,  and  the  needle  should  be 
passed  from  the  nerve.  As  the  vessel  is  quite  superficial,  the 
vente  comites  may  be  separated  so  as  to  make  room  for  the 
needle  (Fig.  46). 

Comment. — The  operation  is  Avithout  difliculty  if  one  ten- 
don be  not  mistaken  for  another.  The  nerve  may  lie  in  front 
of  the  artery.  The  two  malleolar  arteries — vessels  about  the 
size  of  the  posterior  auricular — come  off  just  above  the  ankle- 
joint. 

There  are  these  objections  to  the  operation  in  this  situation : 
the  upper  band  of  the  annular  ligament  is  divided,  and  the 
synovial  sheath  of  the  tibialis  anticus  will  almost  certainly  be 
opened.  This  is  the  only  synovial  sheath  on  the  front  of  the 
limb  at  this  level. 

Collateral  Circulation  after  Ligature  of  the  Anterior 
Tibial  Artery. 

External  Malleolar  with  Anterior  Peroneal  and  Calcanpal  of  Posterior  Pero- 
neal. 

Internal  Malleolar  with  Internal  Malleolar  of  Posterior  Tibial. 

\  /        Internal  Plantar. 

Dorsalis  Pedis  and        I  )        External  Plantar, 

its  Branches  i     with     j        Anterior  Peroneal. 

'  '        Calcaneal  of  Posterior  Peroneal. 

Muscular  branches  from  anterior  and  posterior  tibial  which  anastomose 
after  piercing  the  interosseous  membrane. 

Varieties  of  the  Anterior  Tibial  Artery: 

1.  The  vessel  may  be  wanting,  its  place  being  supplied 

by  perforating  branches  from  the  posterior  tibial. 

2.  It  may  incline  outwards  towards  the  fibula  at  the 

lower  part  of  the  leg,  and  then  return  to  its  ordin- 
ary position  on  the  dorsum  of  the  foot. 
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3.  It  may  become  superficial  about  the  middle  of  the 
leg,  and  run  the  rest  of  its  course  covered  only  by 
the  fascia  and  the  skin. 


THE  POSTERIOR  TIBIAL  ARTERY  (ill.). 

Anatomy. — The  vessel  lies  between  the  superficial  and  the 
deep  muscles  of  the  calf,  and  is  closely  bound  to  those  of  the 
latter  gi'oup  by  the  deep  fascia  which  covers  them.    At  its 
origin  at  the  lower  border  of  the  popliteus 
muscle,  the  artery  is  opposite  the  inter- 
val between  the  tibia  and  fibula.  It 
arises  on  a  level  vnth  the  lower  part  of 
the  tubercle  of  the  tibia,  and  about  two 
inches  below  the  knee-joint.    It  divides 
at  the  lower  border  of  the  inner  annular 
ligament,  on  a  level  with  a  hne  drawn 
from  the  tip  of  the  malleolus  to  the 
centre  of  the  convexity  of  the  heel. 

The  upper  part  of  the  artery  is  very 
deeply  placed  beneath  the  gastrocnemius 
and  soleus  muscles.  In  the  lower  third 
of  the  leg  the  vessel  is  superficial,  being 
covered  only  by  the  skin  and  the  fascia. 
It  lies  successively  on  the  tibiahs  post- 
icus, the  flexor  longus  digitorum,  the 
tibia  and  the  ankle-joint.  There  are  two 
vense  comites,  which  he  one  on  either 
side  of  the  arterj^  The  posterior  tibial 
nerve  hes  at  first  on  the  inner  side  of 
the  artery.  It  crosses  the  vessel  about 
one  inch  below  the  lower  border  of  the 
popHtcus  muscle,  and  runs  for  the  rest 
of  its  course  to  the  outer  side  of  the 
artery. 

Line  of  the  Artery.— A  line  drawn  from  the  centre  of  the 
ham  to  a  point  midway  between  the  inner  malleolus  and  the 
heel  will  correspond  to  about  the  lower  half  of  the  artery.  The 
upper  half  forms  a  slight  curve  inward  from  this  line  (Fig.  47). 

Indications.— The  artery  may  be  tied  in  the  leg  or  behind 
the  ankle.  It  is  usually  secured  for  wound.  The  vessel  may 
M  2 


Fig.  47. — LINE  OP  THE 
POPLITEAL,  POSTEEIOK 
TIBIAL  AND  PEEONEAL 
AETERIES  (eight  LIMB)  . 
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be  ligatured  at  its  lower  end  in  some  cases  of  wound  of  the 
sole. 

In  some  punctured  wounds  of  the  thick  part  of  the  calf 
doubts  may  exist  as  to  which  of  the  deep  vessels  is  wounded. 
In  such  a  case  elevation  of  the  limb,  with  pressure,  followed 
possibly  by  the  distal  ligature,  may  be  a  better  mode  of  treat- 
ment than  an  extensive  dissection  of  a  muscular  hmb  in 
search  of  the  bleeding  point.  Laceration  of  this  artery  asso- 
ciated with  fracture  of  the  bone  has  been  successfully  treated 
by  the  distal  ligature  in  Hunter's  canal. 

Aneurysm  is  more  connnon  in  the  posterior  than  in  the 

anterior  tibial.  Kinloch  had  tabu- 
lated twenty-two  examples  of  spon- 
taneous aneurysm  in  1882.  The 
tumour  usually  occupies  the  upper 
half  of  the  leg.  When  Esmarch's 
bandage,  acute  flexion  of  the  knee, 
and  compression  of  the  femoral 
have  failed,  the  artery  has  been  se- 
cured with  success  above  the  aneur- 
ysm, provided  the  latter  has  been 
placed  low  enough  down. 

1.  Ligature  behind  the  Malle- 
olus. 

Position. — The  patient  lies  on 
the  back.  The  knee  is  flexed,  and 
the  leg  hes  upon  its  outer  side.  The 
foot  lies  upon  the  table  also  on  its 
outer  side,  and  is  secured  in  that 
posture  by  an  assistant.  The  surgeon 
stands  to  the  outer  side  of  the  limb 
in  either  instance  (right  or  left  Hmb). 

Oljeration. — A  curved  incision, 
two  inches  in  length,  is  made  about 
half  an  inch  behind  and  parallel  with 
the  margin  of  the  mner  malleolus 
(Fig.  48).  The  knife  is  directed  to- 
wards the  tibia.  The  internal  an- 
nular ligament  is  exposed,  and  divided  over  the  artery.  The 
vessels  and  the  nerve  lie  in  a  gap  between  the  tendons  that 
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48. — LIGATUEE  OF  THE 
BIGHT  POSTEEIOE  TIBIAL 
AETEET. 
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can  be  appreciated  by  the  touch.  The  artery  having  been 
exposed  and  separated  from  the  veins,  the  needle  is  passed 
from  mthout  inwards. 

Comment. — If  the  veins  are  very  closely  apphed  about  the 
artery,  they  may  be  included  in  the  ligature.  In  case  of  high 
division  of  the  trunk,  two  vessels  will  appear,  and  both  Avill 
require  to  be  secured.  Care  must  be 
taken  not  to  open  the  sheaths  of  the 
adjacent  tendons.  The  first  canal  in 
the  annular  ligament  (that  nearest  to 
the  malleolus)  contains  the  tibialis 
posticus  tendon ;  the  second  contains 
the  tendon  of  the  flexor  longus  digit- 
orum.  Each  of  these  canals  has  a 
separate  synovial  lining.  Then  follows 
a  space  Avider  than  that  for  either  of 
the  two  named  canals,  in  which  are 
lodged  the  vessels  and  nerve.  A 
fourth  canal  on  the  astragalus,  lined 
also  by  a  synovial  membrane,  trans- 
mits the  flexor  longus  polhcis  tendon. 

2.  Ligature  at  the  Lower  Third 
of  the  Leg. 

Operation. — The  position  is  the 
same  as  in  the  previous  operation. 
An  incision,  two  inches  in  length,  is 
made  along  the  hne  of  the  artery 
midway  between  the  margin  of  the 
tendo  Achilhs  and  the  inner  edge  of 
the  tibia  (Fig.  48).  The  superficial 
and  deep  fasciae  are  divided,  together  with  the  upper  part  of 
the  inner  annular  ligament.  The  artery  is  found  lying  on 
the  flexor  longus  digitorum  muscle,  with  the  nerve  to  its 
outer  side.  The  needle  is  passed  from  the  nerve.  The  venae 
comites  will  have  to  be  included  if  they  cannot  be  readily 
separated  from  the  artery  (Fig.  49). 

Comment. — ^The  flexor  longus  digitorum  contains  fleshy 
fibres  until  the  malleolus  is  reached.  The  vessel  lies  upon  the 
fleshy  part,  and  to  the  outer  side  of  the  tendon. 

The  communicating  branch  between  the  posterior  tibial 


Fig.  49.— LIGATURE  OF  EIGHT 

posterior  tibial  artery 
(lower  third). 

A,  Fascia  of  leg  (internal  an- 
nular ligament)  ;  B,  Flexor 
longus  digitorum  and  ten- 
don ;  0,  Tendo  Acbillis  ;  a, 
Posterior  tibial  artery ;  b, 
Posterior  tibial  vein  ;  1, 
Posterior  tibial  nerve. 
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and  peroneal  arteries  arises  an  inch  above  tlic  ankle-joint. 
The  ligature  will  1x3  placed  above  this  branch. 

3.  Ligature  in  the  Middle  of  the  Calf. 

Operation. — The  position  is  the  same  as  in  the  preceding 
operations.  The  calf  of  the  leg  rests  upon  the  table  on  its  outer 
side,  and  the  surgeon  leans  over  the  liinb.  The  incision  is 
made  from  above  downwards  on-  the  right  side,  and  from 


Fig.  50. — THE  MODE  OF  DIVIDING  THE  S0LEU8  MUSCLE  IN  LIGATURE  OF  THE  BIGHT 
POSTERIOR  TIBIAL  AETEBY  IN  THE  MIDDLE  OF  THE  CALF.      {After  Ftirabeilf.) 

below  uj)  on  the  left.  The  assistant,  armed  with  retractors, 
stands  on  the  opposite  side  of  the  table. 

An  incision,  four  inches  in  length,  is  made  in  the  middle 
third  of  the  leg,  parallel  to  the  inner  margin  of  the  tibia  and 
three-quarters  of  an  inch  behind  that  crest  of  bone  (Fig.  48). 
The  skin  having  been  divided,  care  must  be  taken  not  to 
wound  the  internal  saphenous  vein,  which  should  be  drawn 
aside.  The  deep  fascia — the  fibres  of  Avhich  are  all  transverse 
— is  exposed  and  divided.  In  a  muscular  subject  the  margin 
of  the  gastrocnemius  may  be  seen. 

The  soleus  is  now  exposed,  and  must  be  divided  through 
the  length  of  the  incision.  The  aponeurosis  of  the  muscle  is 
cut  through,  together  with  the  fleshy  fibres  attached  to  it.  In 
making  this  section  the  knife  should  be  kept  perpendicular 
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to  the  surface  of  the  muscle.  Its  edge  will  therefore  be  di- 
rected towards  the  tibia,  and  its  blade — in  the  position  in 
which  the  Umb  is  held — will  bo  nearly  horizontal  (Fig.  50). 
When  the  muscle  has  been  divided,  the  outer  part  must 
be  drawn  weU  outwards  by  a  broad  retractor  or  retractors 
held  by  an  assistant.  The  deep  fascia  that  covers  in  the 
vessels  and  the  deep  muscles  of  the  leg  is  now  exposed.  If 
the  finger  be  introduced  the  vessel  can  be  felt.  It  must  be 
remembered  that  the  artery  lies  near  the  outer  border  of  the 
tibia.  When  the  fascia  has  been  divided  (it  is  usually  very 
thin)  the  fleshy  fibres  of  the  flexor  longus  digitorum  are  ex- 
posed. These  fibres  all  run  obliquely  downwards.  By  follow- 
ing the  surface  of  the  muscle  the  vessels  are  reached.  The 
veins  are  very  conspicuous,  and  may  hide  the  artery.  The 
nerve  lies  to  the  outer  side,  and  the  needle  should  be  passed 
from  the  nerve.  It  is  practically  impossible  to  separate  the 
venaj  comites  from  the  vessel. 

Comment. — Tliis  operation  requires  a  good  light,  and  may 
be  most  conveniently  done  with  the  aid  of  a  small  electric 
lamp. 

The  tissues  must  be  carefully  retracted,  and  all  the  soft  parts 
dra^vn  outwards.  In  using  the  retractors  roughly,  some  fibres 
of  the  flexor  longus  digitorum  may  be  torn  up  and  made  to 
hide  the  artery.  This  may  readily  occur  in  the  cadaver.  If 
in  dividing  the  soleus  the  knife  be  not  kept  towards  the  tibia, 
a  too  extensive  division  of  muscle  results,  and  the  wound  is 
unnecessarily  deepened. 

If  the  section  of  this  muscle  is  made  too  close  to  the  tibia, 
it  is  very  easy  to  get  the  retractor  beneath  the  flexor  digitorum, 
and  the  surgeon  dissecting  on  beneath  that  muscle  may  find 
himself  at  the  interosseous  membrane.  The  soleus  at  the 
point  of  section  is — in  a  fairly  developed  subject — somewhat 
thicker  than  the  little  finger.  The  lateral  tendinous  inter- 
section in  the  substance  of  the  muscle  may  be  encountered 
and  divided.  In  identifying  muscle  it  should  be  remembered 
that  the  fibres  of  the  soleus  in  this  situation  are  attached  only 
along  the  narrow  line  formed  by  the  inner  margin  of  the  tibia. 
The  surgeon  should  not  lose  sight  of  the  fact  that  the  part  for 
which  he  is  aiming  is  in  a  line  with  the  outer  margin  of  the 
tibia. 
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Collateral  Circulation 
Tibial  Artery : 

PcronottI 

Extciiiul  Calcaneal  of  Pero- 
neal 

External  Malleolar 
liitornal  Malleolar  of  An- 
terior Tibial 
Dorsalis    Pedis    and  its 
Branches 


after  Ligature  of  the  Posterior 


with 


j  with  I 
with 


with 


j  with  i 


Posterior  Tibial  b)^  comniu- 
niuating  Branch  and  by 
Muscular  Branches. 

Internal  Calcaneal  of  Ex- 
ternal Plantar. 

External  Plantar. 

Internal  Malleolar  of  Post- 
erior Tibial. 

Internal     and  External 
Plantar. 


Varieties  of  the  Posterior  Tibial  Artery : 

1.  The  artery  may  be  very  small  at  its  commencement, 

and  be  reinforced  lower  down  by  transverse 
branches  from  the  peroneal. 

2.  It  may  be  wanting  and  be  replaced  by  the  peroneal. 

3.  It  may  be  covered  in  the  lower  third  of  the  leg  by 

muscle  which  may  represent  an  accessory  long 
flexor  of  the  toes  or  a  slip  of  the  soleus  (Quain). 

THE  PERONEAL  ARTERY  (ill.). 

Anatomy. — This  vessel  is  the  same  size  as  the  anterior  tibial. 
It  arises  about  an  inch  below  the  lower  border  of  the  popliteus 
muscle.  It  first  inclines  outwards  towards  the  fibula,  resting 
on  the  tibialis  posticus  and  covered  by  the  soleus  and  the  deep 
fascia.  It  then  descends  vertically  along  the  iimer  border  of 
the  bone,  under  cover  of  the  flexor  longus  polhcis  (Fig.  47). 
A  little  above  the  middle  of  the  flbula  it  enters  a  fibrous  canal 
between  the  origins  of  the  flexor  longus  poUicis  and  the 
tibiahs  posticus.  At  the  lovv^er  third  of  the  leg  the  vessel 
divides  into  anterior  and  posterior  peroneal.  Two  veuiii 
comites  follow  the  artery.  The  vessel  rapidly  diminishes  in 
size,  and  below  the  middle  of  the  leg  is  often  of  quite  insig- 
nificant dimensions. 

Indications. — The  ligature  of  the  vessel  scarcely  belongs 
to  ijractical  surgery.  It  may  be — and  has  been — secin-ed  for 
wound,  and  is  in  such  a  case  reached  through  the  wound 
already  made. 

The  artery  may  in  rare  cases  be  of  large  size,  and  found  to 
reinforce  a  small  posterior  tibial. 
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Ligature  about  the  Middle  of  the  Leg. 

Operation. — The  patient  lies  upon  the  sound  side,  almost 
upon  the  abdomen.  The  knee  is  a  Uttle  flexed,  and  the  leg 
lies"  upon  its  antero-uiternal  surface,  being  held  firmly  upon 
the  table  by  an  assistant. 

An  incision,  three  and  a  half  inches  in  length,  is  made 
parallel  with  and  immediately  behind  the  outer  border  of  the 
fibula.  The  centre  of  the  incision  corresponds  to  the  middle 
of  the  leg.  The  fascia  having  been  divided,  the  soleus  muscle 
is  exposed.  At  the  site  of  the  operation  the  muscle  will  have 
ceased  to  arise  from  the  fibula.  (It  takes  origin  from  the 
upper  third  only  of  that  bone.)  The  muscle  must  be  drawn 
inwards,  and  any  portion  of  its  attachment  to  the  fibula  in  the 
upper  part  of  the  wound  is  divided  if  necessary.  The  fibula 
will  now  be  distinctly  exposed.  The  fibres  of  the  flexor  longus 
pollicis  are  then  to  be  severed  close  to  the  fibula,  until  the 
membranous  wall  of  the  canal  containing  the  vessel  is  exposed. 
This  is  carefully  laid  open,  and  the  artery  is  foimd  lying  against 
the  inner  margin  of  the  bone. 

The  needle  may  be  most  conveniently  passed  from  the 
outer  side,  and  wall  probably  take  up  also  the  vente  comites. 

The  muscular  tissue  must  be  well  held  aside  by  retractors, 
as  the  wound  is  deep. 

THE  POPLITEAL  ARTERY  (L-IL). 

Anatomy. — The  vessel  extends  from  the  opening  in  the 
adductor  magnus  to  the  lower  border  of  the  popliteus  muscle, 
passing  through  the  centre  of  the  popliteal  space.  From  its 
commencement  to  a  point  behind  the  middle  of  the  knee- 
joint,  the  artery  inclines  from  within  outwards ;  beyond  this 
point  it  descends  vertically  (Fig.  47).  The  artery  is  deeply 
placed.  Its  upper  end  is  covered  by  the  semi-membranosus 
muscle,  its  lower  end  by  the  gastrocnemius.  Between  these 
points  it  Hes  deeply  in  the  popliteal  space.  The  popHteal  vein 
lies  close  to  the  artery.  It  is  placed  at  first  to  the  outer  side, 
and  a  little  behind  the  artery ;  it  then  gradually  crosses  over 
that  vessel,  and  ultimately  gains  its  inner  side.  This  vein  is 
remarkably  substantial,  and  has  walls  so  thick  and  dense  that 
in  section  they  look  not  unhke  the  tunics  of  an  artery.    It  is, 
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moreover,  very  closely  adherent  to  the  artery.  It  may  be 
double  along  the  lower  part  of  its  course. 

The  internal  popliteal  nerve  is  at  first  to  the  outer  side  of 
the  artery,  and  superficial  to  it.  It  then  crosses  gradually  over 
the  vessels,  and  lies  behind  and  to  the  inner  side  of  them,  below 
the  joint.  The  nerve  is  throughout  separated  from  the  artery 
by  the  vein.  In  the  centre  of  the  ham  the  nerve  and  vein 
he  exactly  over  the  artery. 

The  crease  in  the  skin  which  crosses  the  popliteal 
space  transversely  is  some  way  above  the  hne  of  the  knee- 
joint. 

The  guide  to  the  upper  part  of  the  artery  is  the  outer 
border  of  the  semi-membranosus.  The  popliteal  ends  on  a 
level  with  the  lower  part  of  the  tubercle  of  the  tibia. 

Indications. — The  conditions  which  would  justify  ligature 
of  the  popliteal  artery  are  exceedingly  few.  If  a  ligature  be 
required  in  dealing  with  aneurysm  of  the  leg,  the  femoral  would 
be  secured.  So  many  and  so  exceptional  difliculties  attend 
the  operation  of  Antyllus  in  cases  of  popliteal  aneurysm  that 
most  surgeons  prefer  to  deal  with  such  cases  by  amputation 
when  other  means  have  failed. 

The  popliteal  may  be  ligatured  in  some  cases  of  wound,  e.g., 
a  wound  received  from  the  chisel  in  performing  osteotomy. 
MacCormac  considers  it  may  be  hgatured  "  possibly  for  a 
small  recent  traumatic  aneurysm." 

The  artery  may  be  secured  at  its  upper  or  at  its  lower  part. 
In  the  middle  of  its  course  it  Avould  scarcely  be  exposed  surgi- 
cally. The  vessel  is  here  very  deeply  placed,  is  surrounded  by 
much  fat,  is  covered  by  the  vein  and  the  nerve,  is  giving  otif 
numerous  branches,  and  is  very  close  to  the  sj'novial  mem- 
brane of  the  Imee-joint. 

Even  as  a  dissecting-room  operation,  the  ligature  of  the 
artery  at  its  middle  third  has  little  to  recommend  it. 

1.  Ligature  of  the  Lower  Part  of  the  Artery. 

Operation. — The  patient  is  so  rolled  over  as  to  rest  upon 
the  shoulder  and  one  side  of  the  chest,  and  is  indeed  made  to 
lie  as  nearly  prone  as  the  circumstances  attending  the  adminis- 
tration of  an  anajsthetic  will  permit.  The  limb  is  fully  ex- 
tended. The  surgeon  will  stand  to  the  outer  side  of  the  left 
limb  and  to  the  inner  side  of  the  right.    Tlie  chief  assistant 


LIGATURE   OF  POFLITEAL  ARTERY. 


187 


is  placed  opposite  to  him.  In  the  case  of  either  extremity  the 
incision  is  made  from  above  downwards. 

A  vertical  incision — from  three  to  three  and  a  half  inches 
in  length— is  made  over  the  back  of  the  limb,  commencing 
opposite  to  the  centre  of  the  popliteal  space  (i.e.,  the  level  of 
the  Imee-joint),  and  extendmg  downwards  over  the  interval 
between  the  two  heads  of  the  gastrocnemius  muscle. 

The  skin  and  superficial  fascia  having  been  divided,  care 
must  be  taken  not  to  damage  the  short  saphenous  vein  and 
nerve.  These  structures  will 
appear  at  the  outer  part  of  the 
wound,  and  should  be  drawn 
outwards.  The  deeper  fascia  is 
divided  in  the  same  vertical 
line. 

The  heads  of  the  gastrocne- 
mius muscle  are  now  exposed, 
and  the  surgeon  follows  the  in- 
terval between  them.  On  each 
side  of  this  gap  a  sural  artery 
will  be  found,  accompanied  by 
the  nerve  to  the  corresponding 
head  of  the  muscle. 

Deep  in  the  interval  itself 
the  large  nerve  to  the  soleus 
muscle  (from  the  internal  poph- 
teal)  Avill  probably  be  met  with, 
and  must  be  draAvn  aside.  It 
usually  lies  directly  in  the  line 
of  the  operation. 

Following  the  short  saphen- 
ous vein,  the  surgeon  is  guided 
to  the  popliteal  vessels.  This 
part  of  the  operation  is  rendered  easier  by  flexing  the  knee- 
joint  a  little  so  as  to  relax  the  gastrocnemius.  The  internal 
popliteal  nerve  is  first  encountered,  then  the  vein  and  the 
artery.  The  two  first-named  structui-es  are  drawn  to  the  inner 
side.  The  artery  is  cleared,  and  the  needle  is  passed  from 
the  inner  side  (Fig.  51). 

2.  Ligature  of  the  Upper  Part  of  the  Artery. — This 


Fig.     ,51. — LIGATUEE    OF  EIGHT 
POPLITEAL  (lOWEB  PABT). 

A,  Fascia ;  B,  Gastrocnemius  ;  a,  Pop- 
liteal artery  ;  b,  Popliteal  veiu  ;  c, 
External  saplienous  vein  ;  1,  Inter- 
nal popliteal  nerve  ;  2,  Muscular 
branches ;  3,  External  saphenous 
nerve. 
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operation — known  as  Jobert's  operation  for  the  ligatnre  of  the 
popliteal  artery  {Nouvelle  Bihliotheque  MM.,  Feb.,  1827)— is 
carried  out  in  the  thigh.  The  vessel  is  secured  close  to  the 
inner  side  of  the  femur,  and  is  reached  between  the  semi- 
membranosus muscle  and  the  tendon  of  the  adductor 
magnus. 

Ojmution. — The  patient  lies  upon  the  back,  with  the  hip  a 
little  flexed  and  the  thigh  full}^  abducted  and  rotated  outwards. 
The  knee-joint  is  bent  at  a  right  angle,  and  the  knee  and  leg 
are  thus  made  to  lie  upon  the  outer  side. 

The  surgeon  stands  to  the  outer  side  of  the  extremity  in 
either  case.  The  incision  on  the  right  side  is  made  from 
above  downwards,  and  on  the  left  from  below  upwards.  The 
chief  assistant  faces  the  operator. 

The  incision  is  three  inches  in  length,  is  commenced  at  the 
junction  of  the  middle  with  the  lower  thirds  of  the  thigh,  and 
is  parallel  with  and  just  posterior  to  the  tendon  of  the  adductor 
magnus.  The  position  of  this  tendon  should  have  been  well 
defined  (Fig.  52). 

After  the  skin  has  been  divided,  there  will  probably  be 
found  in  the  subcutaneous  fat  the  anterior  division  of  the  in- 
ternal cutaneous  nerve,  which  lies  usually  in  the  direct  line 
of  the  operation.    It  should  be  drawn  aside. 

The  anterior  edge  of  the  sartorius  muscle  is  next  exposed, 
and  the  whole  muscle  nmst  be  displaced  backwards. 

Upon  this  muscle  at  this  point  will  lie  the  internal 
saphenous  vein.  The  vessel  may  possibly  be  exposed,  in 
Avhich  case  it  is  drawn  backwards  with  the  sartorius. 

The  trunk  of  the  internal  saphenous  nerve  is  not  en- 
countered.   It  lies  beneath  the.  sartorius. 

The  deep  fascia  havmg  been  well  divided,  the  tendon  of  the 
adductor  magnus  is  sought  for,  and  is  drawn  forwards  "with  a 
blunt  hook.  The  semi-membranosus  muscle  is  next  exposed, 
and  is  drawn  backwards  with  a  retractor.  The  operator  now 
seeks  for  the  artery  in  the  interval  between  the  two  structures. 
The  vessel  will  be  surrounded  by  much  connective  tissue,  and 
is  lying  close  to  the  bone.  The  internal  popliteal  nerve  is  here 
at  some  distance  from  the  vessel,  and  will  not  be  seen.  The 
vein  also  is  not  necessarily  exposed.  It  lies  posterior  to  the 
artery,  and  to  its  outer  side.    Indeed,  as  approached  from  this 
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point  the  artery  is  the  most  superficial  of  the  three  structures 
named. 

When  the  vessel  has  been  properly  exposed,  the  needle 
may  be  passed  from  below  upwards. 

An  aneurysm  needle  with  a  large  lateral  curve  will  be 
found  the  most  convenient. 

In  performing  this  operation  care  must  be  taken  not  to 
wound  the  deep  branch  of  the  anastomotica  magna  artery, 
which  runs  along  the  anterior  surface  of  the  adductor  magnus 
tendon. 

Collateral  Circulation  after  Ligature  of  the  Popliteal 
Artery. 

The  inferior  articuLir  arteries,  the  anterior  tibial  recurrent  (with  possibly 
the  .posterior  tibial  recm-rent  and  superior  fibular  branches  of  the  anterior  tibial), 
below  the  ligatiu'e  communicate  with  the  superior  articular  arteries,  the  anasto- 
motica magna  and  external  circumflex  arteries  above  the  ligature. 

Muscular  branches  will  also  take  jiart  in  establishing  the  new  circulation. 

Varieties  of  the  Popliteal  Artery. — This  artery  is  very 
seldom  found  to  deviate  from  the  normal  condition.  The 
only  variety  which  is  at  all  common  is  the  high  division  of 
the  vessel  into  its  terminal  branches.  Such  division  may  take 
j)lace  opposite  the  knee-joint  or  even  behind  the  intercondyl- 
oid  fossa  of  the  femur. 

THE  FEMORAL  ARTERY. 

Anatomy. — The  diameter  of  the  common  femoral  is  from 
9  to  10  m.m.,  the  superficial  femoral  is  the  size  of  the  carotid 
artery  and  the  profunda  of  the  brachial. 

At  the  groin  the  artery  is  in  front  of  the  summit  of  the 
head  of  the  femur.  At  its  lower  end  it  lies  close  to  the  imier 
surface  of  the  shaft  of  the  femur.  Between  these  points  it  is 
placed  at  some  little  distance  from  the  bone. 

The  vessel  lies,  in  order  from  above  downwards,  upon  the 
psoas,  pectineus,  adductor  brevis,  adductor  longus,  and  the 
tendon  of  the  adductor  magnus. 

The  femoral  lies  at  first  in  Scarpa's  triangle,  where  it  is 
superficial.  The  apex  of  this  triangle  is  from  three  to  three 
and  a  half  inches  below  Poupart's  ligament. 

The  vessel  then  enters  Hunter's  canal,  which  occupies  the 
middle  third  of  the  hmb. 
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In  this  canal  are  the  artery  and  vein,  the  internal 
saphenous  nerve,  and  the  superficial  part  of  the  anastomotica 
magna  artery. 

The  profunda  femoris  arises  one  inch  and  a  half  below 
Poupart's  ligament,  and  the  two  circumflex  arteries  some  two 
inches  below  that  structure. 

A  t  the  groin  the  femoral  vein  is  upon  the  same  plane  as 
the  artery,  and  to  its  inner  side.  At  the  apex  of  Scarpa's  tri- 
angle the  vein  is  behind  the  artery.    In  Hunter's  canal  it  hes 


Fig.  52. — LIGATURE  OF  THE  EIGHT  COMMON  FEMORAL  AT  THE  BASE  OF  SCARPA'S 
TRIANGLE  ;  OF  THE  FEMORAL  AT  THE  APEX  OF  SCARPA'S  TRIANGLE  AND  IN 
hunter's  canal,  and  of  THE  UPPEE  PART  OF  THE  POPLITEAL. 


behind,  and  a  little  to  the  outer  side.  The  vein  is  throughout 
very  close  to  the  artery. 

At  the  apex  of  Scarpa's  triangle  both  the  femoral  and  the 
profunda  veins  separate  the  two  corresponding  arteries ;  the 
order  fi'om  before  backwards  being — the  femoral  artery,  the 
femoral  vein,  the  profunda  vein,  the  profunda  artery. 

The  anterior  crural  nerve  lies  well  to  the  outer  side  of  the 
artery  at  the  groin.  The  internal  cutaneous  nerve  crosses  the 
vessel  at  the  upper  edge  of  the  sartorius.  The  internal  saphe- 
nous nerve  comes  in  front  of  the  artery,  just  above  the  middle 
of  the  thigh,  and  lies  in  front,  and  a  little  to  the  outer  side  of 
it,  in  Hunter's  canal. 

The  course  of  the  long  saphenous  vein  may  be  roughly 


LIGATURE  OF  FEMORAL  ARTERY.  liH 

represented  by  a  line  drawn  from  a  point  about  three-quarters 
of  an  inch  to  the  inner  side  of  the  line  of  the  femoral  artery  at 
the  groin,  to  the  posterior  border  of  the  sartorius  muscle,  at  the 
level  of  the  condyle  of  the  femur. 

Line  of  the  Artery. — The  hip  bemg  a  little  flexed  and  the 
thisrh  abducted  and  rotated  outwards,  a  line  is  drawn  from  a 
point  midway  between  the  anterior  superior  spine  of  the  ilium 
and  the  symphysis  pubis,  to  the  tuberosity  of  the  internal  con- 
dyle (Fig.  52).  The  centre  of  Poupart's  ligament  is  entirely  to 
the  outer  side  of  the  line  of  the  vessels. 

Indications. — The  superficial  femoral  may  be  ligatured  in 
Hunter's  canal  or  at  the  apex  of  Scarpa's  triangle.  The  com- 
mon femoral  may  be  ligatured  at  the  base  of  that  triangle. 

The  only  one  of  these  three  operations  which  is  performed 
with  any  degree  of  frequency  is  the  ligature  at  the  apex  of 
Scarpa's  triangle.  This  is  called  the  "  place  of  election,"  and 
in  any  case  in  which  "ligature  of  the  femoral"  is  advised  or  is 
mentioned,  it  is  assumed  that  the  vessel  is  secured  at  this 
point. 

A  ligature  may  be  appHed  here  in  certain  cases  of  popliteal 
and  lower  femoral  aneurysm  which  have  resisted  simpler  treat- 
ment, and  in  certain  cases  of  wound. 

The  femoral  has  been  tied  at  this  point  also  for  the  rehef 
of  elephantiasis  Arabum. 

A  hgature  is  very  rarely  indeed  apphed  to  the  common 
femoral  Great  risks  attend  the  procedure.  The  risk  of  gan- 
grene is  considerable,  as  is  also  that  of  secondary  ha;morrhage. 
The  operation  has  proved  to  be  more  dangerous  when  the 
vessel  is  secured  between  the  deep  epigastric  and  profunda 
arteries  than  when  it  is  ligatured  either  above  or  below  those 
branches. 

The  numerous  small  vessels  which  arise  from  the  common 
femoral,  the  proxuiiity  of  the  profunda,  and  the  occasional 
high  origin  of  that  vessel  or  of  one  of  the  circumflex  arteries, 
render  a  sound  occlusion  of  the  main  artery  a  matter  of  un- 
certainty. In  most  of  the  circumstances  in  which  a 
ligature  of  the  common  femoral  might  be  suggested,  the 
securing  of  the  external  iliac  artery  is  the  better  procedure 
in  actual  practice. 

The  common  femoral  is  secured  as  a  preliminary  measure 
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in  some  amputations  at  the  hip  joint,  and  in  certain  cases 
of  wound. 

Tlie  hgature  in  Hunter's  canal  has  been  employed  in  cases 
of  wound,  in  some  exceptional  examples  of  aneurysm,  and  in 
bleeding  from  the  stump  after  amputation  through  the  lower 
part  of  the  thigh.  John  Hunter  Avas  the  first  surgeon  to 
apply  a  ligature  to  this  part  of  the  artery  for  pophteal 
aneurysm.    The  operation  was  performed  in  1785. 

Position. — The  patient  lies  upon  the  back,  with  the  hip 
a  little  flexed,  with  the  thigh  abducted  and  rotated  outwards, 
with  the  knee  bent  and  the  leg  resting  upon  its  external 
surface.  « 

The  surgeon  stands  to  the  outer  side  of  the  limb  in  either 
case,  and  the  chief  assistant  is  placed  opposite  to  him.  The 
incision — in  the  case  of  the  right  thigh — is  made  from  above 
downwards,  and  in  the  case  of  the  left  from  below  upwards. 

Ligature  of  the  Superficial  Femoral  in  Hunter's  Canal. 

Operation. — The  limb  having  been  placed  as  already  mdi- 
cated,  an  incision  three  and  a  quarter  inches  in  length  is  made 
along  the  line  of  the  artery  in  the  middle  third  of  the  thigh 
(Fig.  52). 

In  the  layer  of  subcutaneous  tissue  the  anterior  division 
of  the  internal  cutaneous  nerve  will  probably  be  met  with, 
and  to  the  inner  side  of  it  the  long  saphenous  vein.  This 
vessel  must  be  drawn  inwards. 

The  fascia  lata  is  now  divided  in  the  line  of  the  original 
wound,  and  the  sartorius  is  exposed.  This  muscle  must  be 
clearly  identified.    Its  fibres  run  do^vn wards  and  inwards. 

The  anterior  or  outer  edge  of  the  muscle  having  been 
exposed,  the  whole  structure  is  drawn  inwards  with  a  suitable 
retractor. 

The.  site  of  Hunter's  canal,  lying  between  the  adductor 
magnus  and  the  vastus  internus,  can  now  be  weU  defined, 
especially  if  the  fibres  of  the  great  adductor  and  the  loAver 
border  of  the  adductor  longus  are  made  prominent  by  fully 
abducting  the  thigh. 

When  any  fatty  tissue  which  may  obscure  the  part  has 
been  cleared  away,  the  fascia  which  forms  the  roof  of  Hunter's 
canal  is  rendered  distinct.  The  fibres  forming  this  fascia  are 
arranged  transversely. 
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At  this  point  there  may  be  exposed,  at  the  oiitei;  side  of 
the  Avound,  the  nerve  to  the  vastus  interniis. 

The  canal  is  opened  in  the  line  of  the  original  wound,  and 
the  artery  exposed  (Fig.  53). 

The  needle  may  be  passed  from 
cither  side. 

In  fi-ont  and  to  the  outer  side  of 
the  vessel  will  be  found  the  internal 
saphenous  nerve,  which  is  easily 
avoided. 

Care  must  be  taken  that  the 
vein  be  not  damaged  in  passing 
the  needle  round  the  artery. 

Comment. — The  cut  is  apt  to  be 
made  too  far  outwards,  in  Avhich 
case  the  vastus  internus  is  exposed 
instead  of  the  sartorius,  and  the 
one  muscle  may  be  mistaken  for  the 
other.  Their  fibres,  however,  run  in 
opposite  directions,  those  of  the 
vastus  downwards  and  outwards, 
those  of  the  sartorius  downwards 
and  inwards. 

The  incision  may  be  made  too 
low  down,  and  the  popliteal  artery 
be  reached. 

In  making  the  skin  wound  care- 
lessly the  internal  saphenous  vein 
has  been  cut  into. 

The  whitish  tendon  of  the  adductor  magnus  has  been 
mistaken  for  the  artery  in  the  dead  subject. 

Farabeuf  recommends  that  as  soon  as  the  sartorius 
muscle  has  been  drawn  aside,  the  thigh  should  be  well 
abducted  and  rotated  out,  so  as  to  bring  into  prominence 
a  tendinous  cord — la  corde  qui  vihre — which  is  derived  from 
the  lower  fibres  of  the  adductor  longus,  and  is  passing  to  the 
general  adductor  insertion.  This  cord  helps  to  define  the 
canal,  and  the  incision  is  made  first  to  its  outer  side. 

2.  Ligature  of  the  Superficial  Femoral  at  the  Apex  of 
Scarpa's  Triangle. 

N 


Fig.  53.— LIGATURE  OF  RIGHT 
rEMOR.\L  ARTERY  IN  HUNTER'S 
CAN.-ili. 

A,  Fascia  lata ;  B,  Sartorius ;  c, 
Vastus  internus;  ]),  Fascia 
closing  in  Hunter's  canal ;  E, 
Sheath  of  artery  ;  a,  Femoral 
artery ;  1,  Long  saphenous 
nerve  ;  2,  Anterior  branch  of 
internal  cutaneous  nerve. 
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Operation. — The  limb'  is  placed  in  the  position  already 
indicated,  and  the  line  of  the  artery  is  marked  out. 

An  incision  three  inches  in  length  is  made  along  this  line 
as  it  crosses  the  apex  of  Scarpa's  triangle.  The  centre  of  the 
wound  should  correspond  to  the  apex,  and  the  incision,  there- 
fore, will  reach  to  within  one  and  a  half  or  two  inches  of 
Poupart's  ligament  (Fig.  52). 

A  large  tributary  of  the  internal  saphenous  vein  will 

usually  be  exposed,  and  if  it 
cannot  be  drawn  easil}^  aside 
it  should  be  divided  between 
two  hgatures. 

The  fascia  lata  having 
been  divided  in  the  original 
line,  the  sartorius  is  exposed 
at  the  outer  part  and  inferior 
end  of  the  wound,  its  fibres 
running  downwards  and  in- 
wards. 

Its  inner  border  should 
be  well  isolated,  and  the 
Avhole  muscle  is  then  drawn 
outwards. 

The  operator  noAv  feels 
for  the  groove  of  the  artery. 
In  fi-ont  of  the  vessel  will  be 
found  branches  of  the  in- 
ternal cutaneous  nerve,  and 
deeper  and  to  its  outer  side 
are  the  long  saphenous  nerve, 
and,  possibly,  the  nerve  to 
the  vastus  internus  (Fig. 
54). 

The  sheath  of  the  vessel 
should  be  well  opened,  and 
the  needle  passed  from  the  inner  side. 

Ooiuwiei^f.— Scarpa's  triangle  is  much  smaller  than  would 
appear  to  be  the  case  when  the  dissected  region  is  inspected. 
There  may  be  no  more  than  two  inches  of  the  artery 
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Fig.  54.— LIGATUBE  OF  EIGHT  FEMORAL 
ABTEllY  AT  APEX  OF  SCARPA'S  TRI- 
ANGLE. 

A,  Fascia  lata  ;  B,  Sartorius  ;  C,  Adductor 
longus ;  D,  Slieath  of  artery ;  a,  Fe- 
moral artery  ;  b,  Tributary  to  internal 
saphenous  vein ;  1,  Long  saphenous 
nerve  ;  2,  Internal  cutaneous  nerve. 
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uncovered  by  the  sartorius  uuiscle.     An  unusually 
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broad  sartorius  adds  a  little  to  the  difficulty  of  the  opera- 
tion. 

In  order  to  reach  the  edge  of  the  sartorius  muscle 
easily,  the  cut  is  often  made  too  much  to  the  inner  side, 
with  the  result  that  the  great  saphenous  vein  is  cut  into. 
On  the  other  hand,  if  the  thigh  be  not  placed  in  proper 
position,  the  incision  is  apt  to  fall  too  much  to  the  outer  side. 

The  special  danger  of  the  operation  consists  in  the  wound- 
ing of  the  vein  in  passing  the  needle.  The  greatest  care 
must  be  taken  to  open  the  sheath  of  the  artery  well,  and  to 
keei3  the  point  of  the  needle  close  to  the  arterial  wall. 

An  aneurysm  needle,  curved 
laterally,  will  usually  be  found  the 
more  convenient. 

3.  Ligature  of  the  Common 
Femoral  at  the  base  of  Scarpa's 
Triangle. 

Operation.  —  The  position  of 
the  surgeon  and  of  the  patient 
has  been  already  indicated.  An 
incision  two  inches  in  length  is 
commenced  a  little  above  Pou- 
part's  ligament  {i.e.,  on  the  abdo- 
men), and  is  carried  downwards 
parallel  with  the  line  of  the  artery 
(Fig.  52)._  _ 

In  dividing  the  layer  of  fatty 
tissue  which  covers  the  fascia  lata, 
care  must  be  taken  not  to  injure 
any  of  the  lymphatic  glands  of 
the  region,  and  to  avoid  the  super- 
ficial veins,  notably  the  superficial 
epigastric  and  superficial  circum- 
flex iliac.  The  cribriform  fascia  is 
now  divided  in  the  original  line,  and  especial  care  must  be 
taken  not  to  wound  the  superficial  arteries,  the  two  which 
usually  come  nearest  to  the  incision  being  the  superior  exter- 
nal pudic  and  the  superficial  epigastric. 

The  crural  branch  of  the  genito-crural  nerve  lies  upon  the 
sheath  of  the  artery,  but  upon  the  outer  side  of  the  vessel 

N  2 


Fig.   55.  —  LIGATURE    OF  EIGHT 

common  femoral  at  base  op 
Scarpa's  triangle. 

A,  Line  of  Poupart's  ligament ; 
B,  Supei-ficial  fascia  ;  c,  Fascia 
lata ;  d.  Sheath  ;  a,  Femoral 
art.;  h,  Femoral  vein;  c.  Int. 
saphenous  vein ;  1,  Genito- 
crural  nerve. 
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The  sheath  being  clearly  exposed  and  caretuUy  opened, 
the  needle  is  passed  from  the  inner  side  (Fig.  55). 

Comment. — By  starting  from  the  level  of  the  centre  of 
Poiipart's  ligament,  the  incision  is  placed  to  the  outer  side  of 
the  line  of  the  vessels,  and  the  vein  is  thus  more  certainly 
avoided.  When  the  vein  is  at  all  distended,  it  is  apt  to 
overlap  the  artery. 


Collateral  Circulation  after  Ligature  of  the  Femoral 
Artery. 

(a)  After  Ligature  of  the  Common  Femoral : 


Above. 

Below. 

Internal  pudic 

with 

Pudic  of  femoral. 

Gluteal 

with 

External  circumflex,  internal  circumflex,  and 

first  perforatinf;-. 

Cireumflex  iliac 

with 

External  circumflex. 

Obturator 

with 

Internal  circumflex. 

Sciatic 

with 

Superior  perforating  and  internal  circumflex. 

Comes  nervi  ischiadici 

with 

Perforating. 

(b)  After  Ligature  of  the  Superficial  Femoral : 

Above. 

Bcloiv. 

External  cii'cumflex 

with 

Lower  muscular  branches  of  femoral,  anas- 

tomotica  magna,  and  superior  articular 

branches  of  ])opliteal. 

Perforating  arteries 

/■Muscular  branches  of  the  femoral  and 

and  termination  of  >• 

with 

<        popliteal  and  the  superior  articular 

profunda.  J 

V.  arteries. 

A  conununication  is  effected  along  the  back  of  the  thigh, 
between  the  sciatic  artery,  the  terminal  branches  of  the  mter- 
nal  circumflex,  the  perforating  arteries,  and  the  branches  of 
the  popliteal.  "  In  several  instances  in  which  the  condition 
of  the  vessels  has  been  examined  after  ligatiu'e  of  the  femoral 
(or  external  iHac)  artery,  the  comes  nervi  ischiadici  has  been 
found  much  enlarged,  forming,  Avith  anastomotic  branches 
from  the  perforating  arteries,  a  vessel  which  accompanies  the 
great  sciatic  nerve,  and  ends  below  in  the  popliteal  arter}'-,  or 
one  of  its  branches."  (Quaiv.) 

Varieties  of  the  Femoral  Artery. — 1.  The  femoral  may 
divide  below  the  origin  of  the  profunda  into  two  vessels, 
which  reunite  again  at  a  variable  distance  above  the  opening 
in  the  adductor  magnus  to  form  a  single  popliteal  artery. 
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2.  A  vas  aberrans  may  leave  the  external  iliac  artery,  and 
running  by  the  inner  side  of  the  common  femoral  artery,  may 
join  the  superficial  femoral  about  the  apex  of  Scarpa's  triangle. 

3.  The  main  artery  of  the  limb  may  be  found  wholly  at 
the  back  of  the  thigh,  and  be  derived  from  a  gi'catly  enlarged 
sciatic  avter}'. 

4.  The  profunda  may  arise  from  the  inner  or  from  the 
posterior  side  of  the  main  vessel,  and  may  take  origin  less 
than  one  inch  or  more  than  two  inches  beloAV  Poupart's 
ligament. 

5.  The  circumflex  arteries  may  arise  in  whole  or  in  part 
from  the  femoral.  This  especially  applies  to  the  internal 
circumflex. 

6.  The  femoral  may  give  off  the  deep  epigastric,  the  cir- 
cumflex iliac,  or  the  great  saphenous  artery.  The  last  named 
vessel  arises  above  or  below  the  origin  of  the  profunda,  and 
passing  along  Hunter's  canal,  becomes  superficial  at  the  inner 
side  of  the  knee,  and  follows  the  internal  saphenous  vein  to 
the  ankle. 
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Ligature  of  the  Iliac  Arteries,  and  of  the  Abdominal 

Aorta. 

the  external  iliac  artery. 

Anatomy.— This  vessel  extends  from  the  bifurcation  of  the 
common  ihac,  at  the  himbo-sacral  articulation,  to  Poupart's 
ligament,  measures  from  three  and  a  half  to  four  inches  in 
length,  and  has  a  diaineter  of  from  9  to  10  m.m. 

The  artery  lies  upon  the  iliac  fascia,  with  which  it  is  con- 
nected by  a  thin  sheath  derived  from  tlie  subperitoneal  tissue. 

It  runs  along  the  inner  margin  of 
the  psoas  muscle,  and  at  Poupart's 
ligament  is  placed  actually  upon  that 
nniscle. 

It  is  covered  by  j^eritoneum. 
The  sigmoid  flexure  crosses  it  on  the 
left  side,  and  the  terminal  part  of 
the  ileum  on  the  right.  The  ureter 
passes  over  the  vessel  at  the  point 
of  bifurcation  of  the  common  iliac. 

About  three-quarters  of  an  inch 
above  Poupart's  ligament  the  artery 
is  crossed  by  the  circumflex  ihac 
vein  (represented  at  this  point  by  a 
single  trunk). 

Passing  over  the  lower  j)art  of 
the  artery  are  the  spermatic  vessels,  and  the  vas  deferens, 
which  latter  curves  round  the  deej)  epigastric  artery. 

The  genital  branch  of  the  genito-crural  nerve  Hes  upon 
the  artery  at  its  outer  side.  Some  lymphatic  glands  and  not 
a  few  lymphatic  vessels  lie  upon  or  about  the  vessel. 

The  deep  epigastric  artery  arises  about  one-fourth  of  an. 
inch  above  Poupart's  ligament,  and  runs  between  the  trans- 


Fig.  56. — RELATION  OF  VEINS  TO 
THE  COMMON  ILIAC  AKTEHIES. 
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versalis  fascia  and  the  peritoneum,  in  the  direction  of  the 
umbilicus.  The  deep  circumflex  ihac  artery  comes  off  usually 
below  the  epigastric,  and  runs  outwards  behind  Poupart's 
hgament,  and  rests  upon  the  ihacus  muscle. 

The  external  iliac  vein  is  at  first  behind  the  artery,  and  a 
little  to  the  inner  side.    It  ultimately  is  found  upon  the  same 
plane  as  the  artery,  and 
entirely  to  the  inner  side 

(Fig.  56). 

The  internal  abdominal 
ring  is  situated  about  half 
an  inch  above  Poupart's 
ligament,  opposite  a  point 
midway  between  the  an- 
terior superior  spine  of  the 
ihum  and  the  symphysis 
pubis. 

Line  of  the  Artery. — 
A  line  dra^vn  on  the  sur- 
face of  the  abdomen  from 
a  spot  about  a  finger's 
breadth  to  the  left  of  and 
below  the  navel,  to  a  point 
midway  between  the  an- 
terior superior  iliac  spine 
and  the  symphysis  pubis. 
The  upper  third  of  this 
line  represents  the  com- 
mon iliac,  the  lower  two- 
thirds  the  external  iliac 
(Fig.  57). 

Indications. — The  ar- 
tery has  been  secured  in 
cases  of  wounds  and  of 
secondary  htemorrhage, 

and  for  the  treatment  of  aneurysms  in  the  upper  part  of  the 
thigh. 

It  has  been  ligatured  also  to  arrest  the  progress  of  malig- 
nant growths,  and  to  modify  the  condition  of  the  limb  in 
elephantiasis  Arabum. 


Fig.  57.  —  LIGATURE  OF  EXTERNAL  ILIAC 
ARTERY. 

(I,  Cooper's  method  (modified) ;  h,  Abemethy's 
method  (modified).  The  arrows  point  to  the 
anterior  superior  spines  and  tlie  spines  of 
the  pubes. 

LIGATURE  OF  COMMON  ILIAC  ARTERY. 

c,  Mott's  method  (modified)  ;  d,  Marceliu 
Duval's  operation  ;  e,  Point  IJ  inch  to  the 
outer  side  of  the  umbilicus  ;  /,  Ligature  of 
internal  iliac  artery  (intraperitoneal  opera- 
tion). 
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So  far  as  the  mortality  of  the  actual  operation  is  concerned, 
the  procedure  may  be  regarded  as  a  successful  one,  109 
recorded  cases  having  given  in  all  but  61  deaths  (Lidell). 
The  vessel  Avas  ligatured  for  the  first  time  in  1790  by  Mr. 
Aberncthy  for  inguinal  aneurysm.  His  first  two  cases  died, 
but  the  third  and  fourth  recovered.  (Medical  and  Physical 
J()urv((l,  1S02,  page  97  ;  and  "Surgical  Works,"  vol.  i.) 

Preparation  and  Position  of  the  Patient. — The  bowels 
should  have  been  well  evacuated,  and  if  there  be  much 
flatulent  .distension  of  the  abdomen,  the  operation,  if  not 
urgent,  might  be  postponed  until  such  complication  has  been 
dealt  with.    The  pubic  hair  should  be  shaved. 

The  patient  lies  upon  the  back,  with  the  thighs  extended 
and  close  together.  The  head  and  shoulders  should  be  raised 
in  order  to  relax  the  abdominal  parietes  a  little. 

The  surgeon  stands  to  the  outer  side  of  the  body  in 
dealing  with  c;ither  artery,  and  cuts  from  above  downwards 
on  the  right  side,  and  from  below  uj)wards  on  the  left.  His 
face  is  towards  the  patient's  face.  In  slender  subjects  the  left 
artery  might  be  cpiite  conveniently  tied,  as  the  operator  stands 
to  the  right  of  the  patient's  body.  The  chief  assistant  is 
placed  opposite  to  the  surgeon,  and  to  him  is  entrusted  the 
responsible  office  of  using-  the  retractor. 

A  good  broad  retractor  is  needed,  together  with  long- 
dissecting  forceps,  and  an  aneurysm  needle  with  a  lateral 
curve.  A  good  light  is  essential.  A  reflector  will  be  found 
convenient,  but  the  most  substantial  aid  is  afforded  by 
a  portable  electric  lamp — such  as  Trouve's.  With  such  a 
lamp  as  this  the  main  difficulties  of  the  operation  are  re- 
moved. 

There  are  two  original  methods  of  exposing  the  artery,  botli 
of  which  have  been  modified  beyond  recognition,  and  which 
are  known  as  Cooper's  operation  and  Abernethy's  method. 

1.  Sir  Astley  Cooper's  Operation. 

The  Original  Procedure. — "The  patient  being  placed  in 
the  recumbent  posture,  on  a  table  of  convenient  height, 
the  incision  is  to  be  begun  Avithin  an  inch  of  the  anterior 
superior  spinous  process  of  the  ilium,  and  is  extended  down- 
wards in  a  semicircular  direction  to  the  upper  edge  of  Pou- 
part's  ligament.     This  incision  exposes  the  tendon  of  the 
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external  oblique  muscle  :  in  the  same  direction  the  above 
tendon  is  to  be  cut  through,  and  the  lower  edges  of  the 
internal  oblique  and  transversahs  abdominis  muscles  are 
exposed  ;  the  centre  of  these  muscles  is  then  to  be  raised  from 
Poupart's  ligament.  The  opening  by  which  the  spermatic  cord 
quits  the  abdomen  is  thus  exposed,  and  the  linger  passed 
through  this  space  is  directly  appUed  upon  the  ihac  artery, 
above  the  origin  of  the  epigastric  and  circumflexa  ilii  arteries. 
The  ihac  artery  is  placed  upon  the  outer  side  of  the  vein ;  the 
next  step  in  the 
operation    consists  -f  9 

in  gently  separating 
the  vein  from  the 
artery  by  the  ex- 
tremity of  a  director, 
or  by  the  end  of 
the  linger.  The 
soUd  curved  an- 
eurysmal needle  is 
then  passed  under 
the  artery,  and  be- 
tween it  and  the 
vein  from  without 
inwards,  carrying  a 
ligature ;  which 
being  brought  out 
at  the  wound,  the 

needle  is  withdrawn,  and  the  ligature  is  then  tied  around 
the  artery  as  in  the  operation  for  popliteal  aneurysm." 

The  Modified  Operation. — This  operation  has  been  modified 
in  very  many  ways,  and  Avith  such  modifications  various 
names  have  been  associated.  From  the  maze  of  these  pro- 
cedures the  following  may  be  selected  as  probably  best 
representing  the  modern  form  of  Cooper's  operation. 

The  position  of  the  patient  has  been  indicated.  An  incision 
three  and  a  half  inches  in  length  is  made  above  Poupart's 
ligament.  The  cut  is  connnenced  about  one  inch  and  a 
quarter  to  the  outer  side  of  the  spine  of  the  os  pubis,  and  is 
placed  three-eighths  of  an  inch  above  Poupart's  ligament. 
For  the  inner  two-thirds  of  its  length  it  runs  parallel  Avith  the 


Fig.  58.- 


LIGATURE  OF  RIGHT  EXTERNAL  ILIAC  AHTERT. 

(MmVifivd  Cooper^  method.) 

A,  Aponeurosis  of  external  oblique ;  B,  Conjoined 
tendon  ;  c.  Internal  oblique  ;  D,  Line  of  incision  in 
int.  oblique  muscle  ;  <(,  Position  of  ext.  iliac  iirtery  ; 
h.  Position  of  deep  epigastric  artery. 
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ligament,  but  for  the  outer  one-third  it  curves  a  little  upwards 
away  from  the  ligament.    (Fig.  57,  a.) 

The  skin  and  subcutaneous  tissues  are  cut  through,  and  in 
the  latter  will  be  divided  the  superficial  epigastric  artery 
and  vein. 

The  white,  glistening  aponeurosis  of  the  external  oblique 
muscle  is  now  exposed,  and  is  divided  in  the  line  of  the  skin 
incision.  The  knife  follows  very  nearly  the  direction  of  its 
iibres.  The  parts  being  retracted,  the  surgeon  now  seeks  for 
the  external  border  of  the  conjoined  tendon,  which  will  be 
made  out  at  the  inner  end  of  the  wound. 

The  lower  fibres  of  the  internal  oblique  muscle  are  drawn 
upwards  (Fig.  58),  and  are  divided  close  to  their  attachment  to 
Poupart's  ligament.  The  extent  of  the  division  corresponds 
to  the  extent  of  muscle  tissue  exposed  in  the  wound.  (The 
internal  oblique  is  attached  to  the  outer  half  or  two-thirds  of 
Poupart's  ligament,  the  transversalis  to  the  outer  third  only.) 

The  fascia  transversalis  is  now  exposed,  and  is  divided 
transversely  over  the  artery,  and  as  far  on  either  side  of  it  as 
is  necessary. 

At  this  stage  of  the  operation  care  must  be  taken  not  to 
wound  the  deep  epigastric  artery,  which  passes — between  the 
transversalis  fascia  and  the  peritoneum — across  the  wound 
area. 

The  external  iliac  artery  can  now  be  made  out.  The 
subperitoneal  tissue  about  the  vessels  should  be  gently 
loosened,  and  the  peritoneum  then  with  the  utmost  care  be 
peeled  from  the  artery  and  vein,  and  be  pushed  upwards  in 
the  direction  of  the  umbilicus  (Fig.  59). 

The  fingers  alone  should  be  employed  in  this  process. 
Any  form  of  director  is  unnecessary  and  dangerous. 

The  artery  should  be  bared  to  such  a  height  as  to  allow 
the  ligature  to  be  passed  around  it  at  a  point  one  inch  and 
a  quarter  above  Poupart's  ligament. 

The  peritoneum  must  be  kept  out  of  the  Avay  with 
the  broad  retractor  while  the  artery  is  being  exposed. 

The  loose  subperitoneal  tissue  which  forms  a  kind  of 
sheath  for  the  artery  should  be  cautiously  cleared  away. 

The  needle  is  passed  from  within  outwards. 

After  the  ligature  has  been  secured,  the  divided  fibres  of 
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the  internal  oblique  may  be  united  to  Poupart's  ligament,  and 
the  rent  in  the  external  oblique  aponeurosis  be  closed  by  a 
few  points  of  catgut  suture. 
No  drainage-tube  is  required. 

Comment. — The  wound  must  be  of  sufficient  length,  and 
be  carefully  placed. 

If  it  be  made  too  low  down,  there  is  danger  of  dividing 
the  circumflex  iliac  vessels ;  if  made  too  high  up,  of  cutting 
into  the  internal 
abdominal  ring.  If 
it  be  carried  too  far 
outwards,  an  un- 
necessary amount 
of  muscular  tissue 
is  divided ;  and  if 
too  far  inwards,  the 
external  ring  and 
the  structures  of  the 
cord  may  be  placed 
in  jeopardy. 

The  tissues  must 
be  cleanly  divided. 
The  transversalis 
fascia  should  be  cut 
sufficiently  high  to 
avoid  the  circumflex 
iliac  vein,  but  not 
at  too  great  a  height. 

"  I  made  the  incision,"  wi-ites  Dr.  Sheen,  "  somewhat  too  high, 
and,  in  consequence,  opened  the  peritoneum,  which  I  mistook 
for  transversalis  fascia.  Even  then  I  was  in  a  little  doubt, 
because  some  (omental)  fat  presented  itself,  which  very  nmch 
resembled  the  fat  .  .  .  seen  around  the  vessel;  but  in 
pushing  this  up  gently,  a  knuckle  of  bowel  came  into  view, 
which  settled  the  matter." 

Care  should  be  taken  not  to  needlessly  tear  up  the  sub- 
peritoneal fatty  tissue,  and  inflnite  care  must  be  taken  of  the 
peritoneum.  It  should  not  be  too  extensively  stripped  up, 
and  in  clearing  the  artery  with  the  finger  it  is  possible  to 
detach  the  vessel  from  the  psoas  muscle.    The  vein  has  been 


Fig.  59. — LIGATURE  OF  RIGHT  EXTERNAL  ILIAC  AETBRY. 

(Modified  Cooper's  method. J 
Aponeurosis  of  external  oblique ;  B,  Conjoined 


A, 


tendon  ;  c,  Internal  oblique  ;  n,  Transversalis  fascia  ; 
E,  Peritoneum  ;  a,  Ext.  iliac  art.  ;  b.  Ext.  iUac  vein ; 
(.',  Deep  epigastric  artery. 
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damaged  in  passing  the  ancurysiii  needle,  and  the  genito- 
cniral  nerve  has  been  inchided  in  the  Hgature. 

The  loeritoneuni  has  been  not  infrequently  opened.  This 
has  resulted  sometimes  from  too  high  an  incision,  because  the 
serous  membrane  becomes  more  and  more  intimately  con- 
nected with  the  transversalis  fascia  the  further  the  distance 
from  Poupart's  ligament.  The  peritoneal  cavity  has  also 
been  often  opened  up  by  the  incautious  use  of  the  steel  director 
(an  instrument  which  should  never  be  employed  in  this 
operation),  and  by  a  too  free  manipulation  with  the  handle  of 
the  scalpel. 

The  artery  should  be  secured  at  least  one  inch  and  a 
quarter  above  Poupart's  ligament,  in  order  that  the  ligature 
might  be  well  clear  of  the  large  branches  given  off  close  to 
the  ligament,  and  a  space  be  allowed  for  the  formation  of  the 
necessary  clot. 

The  deep  epigastric  arter}^  has  been  accidentally  cut 
during  the  operation. 

Without  strict  antiseptic  precautions  the  operation  carries 
with  it  the  risks  of  peritonitis,  and  of  diffuse  inflammation  of 
the  iliac  and  pelvic  connective  tissue. 

The  position  of  the  patient  should  be  as  described.  It  is 
inconvenient  to  relax  the  abdominal  parietes  by  flexing  the 
thighs  as  some  suggest. 

2.  Abernethy's  Operation. — Abernethy's  original  account 
is  as  follows: — "I  first  made  an  incision  about  three  inches  m 
length,  through  the  integuments  of  the  abdomen,  in  the 
direction  of  the  artery,  and  thus  laid  bare  the  aponeurosis  of 
the  external  oblique  muscle,  which  I  next  divided  from  its 
connection  with  Poupart's  ligament,  in  the  direction  of  the 
external  wound,  for  the  extent  of  about  two  inches.  The 
margin  of  the  mternal  oblique  and  transversalis  muscles  being 
thus  exposed,  I  introduced  my  finger  beneath  them  for  the 
protection  of  the  peritoneum,  and  then  divided  them.  Next, 
with  my  hand,  I  pushed  the  peritoneum  and  its  contents 
upwards  and  inwards,  and  took  hold  of  the  external  iliac 
artery  with  my  finger  and  thumb.  ...  It  only  now 
remained  that  I  should  pass  a  ligature  round  the  arter}^  and 
tie  it."    ("  Surgical  Works,"  vol.  i.,  page  254.) 

Abernethy  later  thought  he  had  "disturbed  the  peritoneum 
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too  much,  and  tied  the  artery  higher  than  was  necessary." 
He  therefore  moditied  the  operation  to  the  extent  of  making 
the  incision  lower  down. 

What  was  known  as  Abernethy's  operation  is  described  by 
South  in  1847  ("CheHus'  Surgery")  in  this  manner.  The 
incision  was  four  inches  in  length,  and  was  commenced  one 
inch  and  a  half  above  and  to  the  imier  side  of  the  anterior 
superior  iliac  spine,  and  was  carried  down  in  the  direction  of 
the  external  iliac  artery,  to  a  point  half  an  inch  above  Pou- 
part's  ligament.  This  incision  is  shown  in  Fig.  57,  b.  The 
muscles  were  divided  in  order,  the  peritoneum  exposed  and 
pushed  back  in  the  manner  already  described. 

Comment  and  Comparison  of  the  tiuo  Operations. — The 
comments  made  upon  the  previous  operation  apply,  Avith 
obvious  modifications,  to  the  present  method. 

Abernethy's  operation  enables  the  artery  to  be  hgatured 
higher  up,  and  the  incision  is  away  from  the  centre  of  the 
groin.  This  is  a  matter  of  consequence  in  dealing  with  a  case 
of  aneurysm  involving  the  upper  part  of  the  femoral  artery, 
and  possibly  encroaching  upon  Poupart's  ligament. 

The  wound,  moreover,  is  removed  from  the  abdominal 
rings,  and  does  not  concern  the  deep  epigastric  artery. 

Cooper's  operation,  however,  must  be  regarded  as  the 
better  of  the  two,  and  to  claim  that  position  upon  the  follow- 
ing gi-ounds  : — The  operation  is  easier  to  perform.  The  peri- 
toneum is  dealt  with  at  a  spot  where  it  is  but  httle  adherent. 
It  is,  in  consequence,  more  readily  displaced,  and  is  less 
exposed  to  damage. 

There  is  infinitely  less  division  of  the  muscular  structures 
of  the  abdominal  parietes,  the  wound  is  simpler,  and  the 
disposition  to  ventral  hernia  is  less. 

The  artery  is  exposed  at  a  great  depth  in  Abernethy's 
operation,  and  the  wound  is  so  placed  that  the  passage  of  the 
aneurysm  needle  is  attended  with  great  difiiculty,  and  with 
unusual  risk  of  wounding  the  vein. 

The  exposure  of  the  deep  epigastric  artery  would  appear  to  be 
no  objection  to  the  operation  advised.    It  is  easily  avoided. 

It  has  not  been  shown  that  any  special  evils  have  attended 
the  making  of  the  incision  close  to  the  openings  of  the 
inguinal  canal. 


206  OPERATIVE  SURGERY. 

Abcrncthy's  operation  can  be  reconnnended  Avhen  the 
region  of  the  centre  of  the  groin  is,  for  one  reason  or 
another,  inaccessible,  or  unsuited  for  the  site  of  a  surgical 
incision,  and  also  in  a  case  in  which  it  is  considered  desirable 
to  ligature  the  vessel  as  high  up  as  possible. 

Collateral  Circulation  after  Ligature  of  the  External 
Iliac  Artery : 

Above.  Bcloto. 
Internal  mammary,  lumbar  \ 

and  lower  intercostal      /  Deep  epigastric. 

Lumbar  and  ilio-lumbar  with  Deep  circumflex  iliac. 

Obturator  and  sciatic  with  Internal  circumflex. 

Sciatic  with  Superior  perforating. 

Gluteal  with  Extei-nal  and  internal  circumflex,  and 

first  perforating. 

Internal  pudic  with  External  pudic. 

For  the  varieties  of  the  artery  see  page  211. 


THE  COMMON  ILIAC  ARTERY. 

Anatomy. — The  common  iliac  artery  is  about  two  inches  in 
length,  and  has  a  diameter  of  11  to  12  m.m.  The  right  vessel 
is  a  little  longer  and  usually  a  little  larger  than  the  left.  The 
aorta  bifurcates  opposite  to  the  centre  of  the  body  of  the  fourth 
lumbar  vertebra,  and  a  little  to  the  left  of  the  middle  line.  This 
point  corresponds  to  a  spot  about  three-quarters  of  an  inch 
below,  and  just  to  the  left  of  the  umbilicus,  and  is  on  a 
level  with  a  line  drawn  transversely  between  the  highest  parts 
of  the  two  iliac  crests. 

The  common  iliac  bifurcates  opposite  to  the  lumbo-sacral 
articulation. 

The  vessel  is  covered  by  peritoneum,  and  has  running 
over  it  many  sympathetic  nerve  fibres  on  their  way  to  the 
hypogastric  plexus.  The  ureter  runs  athwart  the  vessel  near 
its  bifurcation. 

The  left  vessel  lies  close  to  the  bodies  of  the  fourth  and 
fifth  lumbar  vertebrte,  and  alongside  of  the  psoas  muscle. 
The  artery  on  the  right  side  is  separated  from  the  psoas  and 
the  vertebrae  by  the  two  common  iliac  veins. 

The  relation  of  the  veins  to  the  arteries  is  sho^vn  in  Fig. 
66.    It  will  be  seen  that  the  vena  cava  and  both  common 
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iliac  veins  are  in  close  connection  with  the  right  common 
artery. 

The  vessels  tend  to  become  tortuous  in  old  age. 

The  Line  of  the  Artery  has  already  been  given  (page  199). 

Indications. — There  are  very  few  circumstances  under 
which  ligature  of  this  vessel  may  be  considered  justifiable. 

It  has  been  secured  in  cases  of  wound  of  the  artery,  and  in 
h.emorrhage  from  the  external  or  internal  iliac,  or  from  the 
branches  of  the  latter  trunk. 

It  has  been  ligatured  for  the  relief  of  aneurysm  of  the 
external  or  internal  iliac,  and  as  a  preliminary  to  the  removal 
of  large  vascular  growths. 

The  vessel  was  first  tied  in  1812  by  Professor  W.  Gibson, 
of  Philadelphia  (Aoner.  Med.  and  Surg.  Recorder,  vol.  iii.,  page 
185),  for  gunshot  wound  of  the  artery.  The  peritoneal  cavity 
was  opened  up.    The  patient  died  on  the  thirteenth  day. 

Dr.  Mott,  of  New  York  {Anier.  Jour,  of  Med.  Sciences, 
vol.  i.,  page  156),  carried  out  the  first  extra-peritoneal  operation 
in  1827,  for  aneurysm  of  the  internal  iliac  artery.  The  patient 
did  well.  The  mortality  of  the  operation  has  been  very  high. 
Lidell  reports  only  sixteen  recoveries  in  sixty-eight  recorded 
cases.  The  very  great  majority  of  these  operations  took  place 
before  the  introduction  of  antiseptic  surgery,  and  some  of  the 
patients  died  of  causes  which  are  no  longer  unpreventable. 

The  recent  tendencies  of  abdominal  surgery  render  it 
probable  that  in  the  future  the  artery  will  be  reached  by  a 
simple  incision  into  the  peritoneal  cavity  through  the  anterior 
abdominal  parietes.  {See  Ligature  of  the  Internal  Iliac 
Artery  and  page  211.) 

1.  Ligature  of  the  Artery  through  an  Anterior  Incision. 
— The  preparation  and  position  of  the  patient  are  the  same  as 
have  been  already  described  in  dealing  with  the  external  iliac 
artery  (page  200). 

In  strippmg  off  the  peritoneum  the  patient  should  be 
turned  a  little  upon  the  sound  side,  in  order  that  the  intestines 
may  be  carried  away  from  the  wound  area. 

The  incision  on  the  right  side  may  be  made  from  above 
downwards,  and  on  the  left  from  below  upwards. 

A  good  light  is  required.  Broad  spatula;  or  retractors  are 
needed,  and  the  surgeon  should  have  provided  himself  with 
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that  form  of  aneurysm  needle  which  practice  of  the  operation 
upon  the  (lead  body  has  shown  him  to  be  the  most  convenient. 
A  largo,  long  needle  with  a  lateral  curve  {see  page  102  of 
Introduction)  will  probably  be  found  the  most  convenient. 

(a)  Mott's  Operation. — An  incision  from  five  to  eight 
inches  in  length  is  commenced  just  outside  the  centre  of 
Poupart's  ligament,  and  one  inch  and  a  half  above  it. 

It  then  curves  upwards  and  outwards  in  the  direction  of 
the  ribs,  passing  the  crest  of  the  ilhun  one  inch  and  a  half 
in  front  (i.e.,  to  the  inner  side)  of  the  anterior  superior  spinous 
process.    (See  Fig.  57,  c.) 

The  skin  and  subcutaneous  tissues  are  divided,  and  the 
aponeurosis  of  the  external  oblique  is  exposed,  together  with 
— in  the  upper  part  of  the  incision — a  portion  of  the  muscle 
itself  Both  aponeurosis  and  muscular  fibres  are  divided  in 
the  line  of  the  original  incision.  The  internal  oblique  nmscle 
is  now  reached,  and  is  cut  through  in  the  same  manner. 

The  transversalis  muscle  is  in  turn  exposed,  and  its  fibres 
are  severed  from  one  end  of  the  wound  to  the  other. 

Between  the  two  last-named  muscles  will  be  met  the 
ilio-hypogastric,  ilio-inguinal,  and  last  dorsal  nerves,  and 
probably  the  ascending  branch  of  the  deep  circumflex  iliac 
artery.  If  the  incision  be  carried  high  up,  other  dorsal 
(intercostal)  nerves  are  met  with. 

The  transversalis  fascia  is  well  exposed,  and  is  divided 
along  the  whole  length  of  the  wound. 

The  peritoneum  is  now  very  carefully  stripped  fi'om  the 
iliac  fascia,  and  the  external  iHac  artery  sought  for.  The 
serous  membrane  is  pushed  aside  in  the  manner  already 
described  (page  202),  until  the  common  iliac  trunk  is  reached. 
The  ureter  is  pushed  aside  (i.e.,  upwards  and  inwards)  Avith 
the  peritoneum. 

The  coat  of  the  artery  is  well  exposed,  and  the  needle 
should  be  passed,  on  either  side  of  the  body,  from  right 
to  left. 

There  is  considerable  risk  of  injuring  the  vein.  The 
ligature  should  be  applied,  if  possible,  to  the  middle  of  the 
artery. 

(b)  Marcellin  Duval's  Operation. — The  incision  is  about 
five  inches  in  length.   It  is  commenced  one  inch  and  a  quarter 
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to  the  outer  side  of  the  spine  of  the  pubes,  a  Httle  above 
Poupart's  ligament.  The  first  inch  and  a  half  of  the  incision 
is  parallel  with  Poupart's  ligament.  The  incision  is  now 
sharply  curved  upwards,  and  ultimately  follows  a  line  which 
is  perpendicular  to  the  ligament,  and  is  directed  towards  a 
point  one  inch  and  a  quarter  to  the  outer  side  of  the 
umbiHcus.    (See  Fig.  67,  d.) 

The  three  abdominal  muscles  are  divided,  together  with 
the  transversalis  fascia,  and  the  artery  is  reached  by  pushing 
aside  the  peritoneum  in  the  manner  already  described. 

Comment. — The  general  observations  made  upon  the 
operation  for  ligaturing  the  external  iliac  artery  (page  203) 
apply  equally  to  this  procedure.  There  is  great  danger  of 
wounding  the  peritoneum.  A  very  efficient  retraction  of  the 
soft  parts  is  essential,  and  the  passing  of  the  needle  is 
associated  with  considerable  difficulty. 

Mott  himself  made  an  incision  five  inches  long,  beginning 
immediately  above  the  external  abdominal  ring,  and  continued 
in  a  semilunar  direction  half  an  inch  above  Poupart's  liga- 
ment to  a  little  above  the  anterior  superior  iliac  spine.  This 
incision  was  too  low  down. 

The  operation  described  is  easy,  so  far  as  the  exposure  and 
separation  of  the  peritoneum  is  concerned ;  but  the  vessel  is 
reached  at  a  great  depth,  and  the  passing  of  the  needle  is 
attended  with  considerable  difficulty. 

Duval's  procedure  would  appear  to  be  the  best  of  the 
anterior  extra-peritoneal  operations.  The  artery  is  well  and 
easily  exposed.  The  wound,  however,  in  the  abdominal  muscles 
is  of  considerable  extent,  and  the  conditions  favourable  for 
ventral  hernia  are  somewhat  increased.  Duval's  incision  is 
convenient  also  for  ligature  of  the  internal  iliac  artery. 

2.  Ligature  of  the  Artery  through  a  Lateral  Incision. — 
This  operation  was  first  carried  out  by  Sir  P.  Crampton,  and 
is  described  by  him  in  the  following  words  (Med.-Ghir.  Trans., 
vol.  xvi.,  page  161).  The  loin  is  well  exposed,  the  patient  lying 
upon  the  sound  side.  "  The  first  incision  commenced  at  the 
anterior  extremity  of  the  last  false  rib,  proceeding  directly 
downwards  to  the  ilium.  It  then  followed  the  line  of  the 
crista  ilii,  keeping  a  very  little  within  its  inner  margin,  until  it 
terminated  at  the  superior  anterior  spinous  process  of  that 
o 


210 


OPERATIVE  SURGE  If  Y. 


bone.  The  incision  was  therefore  chiefly  curviHnear,  the  con- 
cavity looking  towards  the  navel.  The  abdominal  muscles 
were  then  divided  to  the  extent  of  about  an  inch,  close  to  the 
superior  anterior  spinous  process,  down  to  the  peritoneum. 
Into  this  wound  the  forefinger  of  the  left  hand  was  introduced, 
and  passed  slowly  and  cautiously  along  the  line  of  the  crista 
ilii,  separating  the  peritoneum  from  the  fascia  iliaca.  A 
probe-pointed  bistoury  was  now  passed  along  the  finger  to  its 
extremity ;  and  by  raising  the  heel  of  the  knife,  while  its  point 
rested  firmly  at  the  end  of  the  finger,  as  on  a  fulcrum,  the 
abdominal  muscles  were  separated  from  their  attachments  to 
the  crista  ilii  by  a  single  stroke. 

"  By  repeating  this  manunivre  the  wound  was  prolonged 
until  sufficient  room  was  obtained  to  pass  down  the  hand 
between  the  peritoneum  and  the  fascia  iliaca.  Detaching  the 
very  slight  connection  which  these  parts  have  with  each  other, 
I  was  able  to  raise  up  the  peritoneal  sac  with  its  contained 
intestines  on  the  palm  of  my  hand,  from  the  psoas  magnus 
and  iliacus  internus  muscles,  and  thus  obtain  a  distinct  view 
of  all  the  important  parts  beneath,  and,  assuredl}?-,  a  more 
striking  view  has  seldom  been  presented  to  the  e3^e  of  the 
surgeon.  The  parts  were  unobscured  by  a  single  drop  of 
blood ;  there  lay  the  great  iliac  artery,  nearly  as  large  as  my 
finger,  beating  awfully  at  the  rate  of  two  in  a  second,  its 
3^ellowish-white  coat  contrasting  strongly  with  the  dark  blue 
of  the  iliac  vein,  which  lay  beside  it,  and  seemed  nearly  double 
its  size.  The  ureter,  in  its  course  to  the  bladder,  lay  like  a 
white  tape  across  the  artery,  but  in  the  process  of  separating 
the  peritoneum  it  was  raised  from  it  with  that  membrane, 
to  which  it  remained  attached.  .  .  .  Nothing  could  be 
more  easy  than  to  pass  a  ligature  round  an  artery  so  situated. 
The  forefinger  of  the  left  hand  was  passed  under  the  artery, 
which,  with  a  little  management,  was  easily  separated  from 
the  vein ;  and  on  the  finger  (which  served  as  a  guide)  a  com- 
mon eyed-probe,  furnished  with  a  ligature  of  moistened  catgut, 
was  passed  under  the  vessel." 

Comment. — Compared  with  Mott's  operation,  this  pro- 
cedure has  certain  decided  advantages.  The  actual  operation 
is  much  easier ;  the  peritoneum  is  less  disturbed,  and  is  more 
readily  separated :  the  artery  is  brought  actually  into  vicAv, 


LIGATURE  OF  COMMON  ILIAC  ARTERY. 


211 


and  the  Hgaturc  is  passed  with  comparative  ease :  there  is  a 
less  probability  of  the  formation  of  a  ventral  hernia :  and, 
lastly,  the  wound  aflfords  better  conditions  for  efficient  drain- 
age. Between  Crampton's  operation  and  that  of  Marcellin 
Duval  there  is  a  less  conspicuous  comparison.  In  both,  the 
artery  is  well  and  admirably  exposed.  In  stout  and  muscular 
subjects  the  lateral  wound  may  have  to  be  carried  to  a  great 
depth ;  but,  on  the  other  hand,  it  is  in  a  position  in  which  the 
probabilities  of  a  ventral  hernia  are  decidedly  less  than  in  the 
anterior  operation. 

3.  The  Intra-Peritoneal  Operation. — This  method  would 
be  carried  out  upon  the  lines  indicated  in  the  account  of  the 
ligature  of  the  internal  iliac  artery.    (See  page  213.) 

The  same  median  incision  in  the  abdominal  wall  might  be 
employed. 

The  operation  is  simple,  and  is  without  complication,  and 
of  the  various  methods  of  securing  the  vessel  it  may  probably 
be  considered  to  be  the  best,  although  the  procedure  has  yet 
to  be  tested. 

I  am  not  aware  that  the  operation  has  been  carried  out 
upon  the  living  subject. 

Collateral  Circulation  after  Ligature  of  the  Common 
Iliac  Artery. — 

Above.  Below. 
Internal  mammary  and  lower)  t-.         •     ^  • 

intercostala  j     ^"'^    Deep  epigastric. 

Lumbar  with    Deep  circumflex  iliac  and  ilio-lumbar. 

Superior  hiEmorrhoidal  with    Hemorrhoidal  branches  of  internal 

iliac. 

Middle  sacral  with    Lateral  sacral. 

Pudic,  epigastric,  obturator,  and  i     ^^.^.^^     (  The  corresponding  vessels  on  the 
visceral  arteries  I       '        \        opposite  side. 

Varieties  of  the  Iliac  Arteries.— 

1.  The  aorta  may  bifurcate  a  little  below,  or,  in  rarer 

instances,  a  little  above  the  normal  situation. 

2.  The  common  iliac  arteries  may  bifurcate  above  or 

below  the  point  indicated,  and  may  vary  in  length 
between  one  inch  and  a  half  and  three  inches. 

3.  The  deep  Epigastric  artery  may  arise  from  the  ex- 

ternal iliac,  one  and  a  half,  or  even  two  and  a  half 
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inches  above  Poupart's  ligament.  The  deep  cir- 
cumflex artery  may  arise  as  high  as  one  inch 
above  the  ligament. 
4.  The  internal  iliac  artery  may  vary  in  size  from  half 
an  inch  to  three  inches,  and  its  place  of  division 
may  be  at  any  point  between  the  upper  margin  of 
the  sacrum  and  the  upper  border  of  the  sacro- 
sciatic  foramen. 

The  Internal  Iliac  Artery  (II.). 

Anatomy. — This  vessel,  which  measures  from  one  to  one 
inch  and  a  half  in  length,  extends  from  the  bifurcation  of 
the  common  iliac  to  the  upper  margin  of  the  great  sacro-sciatic 
notch,  where  it  breaks  up  into  its  ultimate  branches. 

It  lies  at  first  near  the  inner  edge  of  the  psoas  muscle,  and 
then  upon  the  sacrum  and  lumbo-sacral  cord.  It  is  covered 
by  peritoneum,  and  is  crossed  by  the  ureter  at  its  commence- 
ment. The  vein  lies  behind  and  somewhat  to  the  inner  side 
(Fig.  56).  The  varieties  of  the  artery  have  been  already 
detailed  (page  211). 

Indications. — The  circumstances  under  which  this  opera- 
tion is  justifiable  are  very  few.  It  has  been  ligatured  for 
htemorrhage,  but  with  very  unsatisfactory  results.  Lidell 
states  that  out  of  twenty-seven  recorded  examples  of  the 
operation,  only  eight  recoveries  can  be  claimed.  The  great 
majority  of  the  successful  cases  are  instances  of  ligature  for 
the  cure  of  gluteal  aneurysm. 

The  operation  was  first  performed  with  success  by  Dr.  W. 
Stevens,  of  Santa  Cruz,  in  1812,  for  aneurysm  (Med.-Chir. 
Trans.,  vol.  v.,  page  422).  He  made  an  incision  five  inches  in 
length  through  the  anterior  abdominal  parietes,  parallel  with 
the  deep  epigastric  artery,  and  about  half  an  inch  to  the 
outer  side  of  it.  The  peritoneum  was  pushed  aside,  and  the 
artery  reached  as  in  the  operation  for  the  ligature  of  the 
common  iliac. 

1.  The  Extra-Peritoneal  Operation. — The  incision  em 
ployed  is  the  same  as  that  made  to  secure  the  common  iliac 
artery,  the  procedure  of  Marcellin  Duval  being  the  best  suited 
for  the  purpose  (page  208). 

The  preparation  of  the  patient,  the  position  assumed,  and 
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the  general  features  and  special  dangers  of  the  operations  for 
securing  the  iliac  arteries,  have  already  been  dealt  with  in  the 
sections  on  the  common  iliac  and  the  external  iliac. 

In  the  present  case  the  peritoneum  is  pushed  aside,  until 
the  external  iliac  is  reached.  The  surgeon  is  guided  to  the 
internal  artery  by  following  the  more  superficial  trunlc.  The 
upper  margin  of  the  great  sacro-sciatic  notch  is  easily  identi- 
fied, and  will  serve  to  indicate  the  lower  end  of  the  artery. 
The  passing  of  the  ligature  is  difficult,  and  many  aneurysm 
needles,  of  various  sizes,  and  with  various  curves,  should  be  at 
hand.  The  needle  should  be  passed,  on  either  side  of  the 
body,  from  within  out 

2.  The  Intra-Peritoneal  Operation. — This  procedure  has 
been  advocated  by  Dr.  Dennis,  of  New  York  {New  York  Med. 
News,  November,  1886).  He  reports  three  cases,  in  all  of 
which  the  ligature  was  applied  for  aneurysm.  In  one  case  the 
right  internal  iliac  was  secured,  and  in  another  the  left.  Both 
patients  were  cured.  In  the  third  instance,  both  internal 
iliacs  were  ligatured.  The  patient,  a  woman  of  sixty,  died  on 
the  third  day.  I  ligatured  the  artery  with  success  in  a  boy 
aged  sixteen,  for  a  vascular  tumour  of  the  buttock,  in  Novem- 
ber, 1889,  by  this  method. 

Operation. — The. abdomen  is  opened  in  the  middle  line 
by  an  incision  extending  from  the  symphysis  pubis  to  the 
umbilicus,  or  to  a  point  a  little  above  it  (Fig.  57,  /).  The 
intestines  having  been  pushed  up  and  drawn  aside,  the  area  of 
the  deep  wound  is  surrounded  by  sponges,  and  so  cut  off  from 
the  peritoneal  cavity.  I  employed  six  sponges  in  this  way,  and 
had  the  wound  well  opened,  and  the  sponges  kept  in  position 
by  two  large  metal  retractors  and  one  ivory  spatula.. 

The  peritoneum  over  the  artery  is  thus  well  exposed,  and 
is  divided  to  the  extent  of  one  inch  and  a  half  The  artery 
is  followed  down  from  the  bifurcation  of  the  common  iliac. 
The  vein  will  appear  to  be  about  three  times  the  size  of  the 
artery,  and  the  separation  of  the  two  is  a  matter  of  some 
delicacy.  Care  should  be  taken  that  the  ureter  is  not  damaged 
nor  accidentally  included  in  the  ligature.  The  many  sympa- 
thetic nerve  fibres  which  follow  the  artery  may  be  avoided  if 
the  coat  of  the  vessel  be  well  exposed. 

A  good  light,  several  broad  retractors  or  spatid;e,  long 
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dissecting  forceps,  and  a  variety  of  aneurysm  needles,  are  re- 
quired. Tlie  operation  should  be  performed  with  the  care 
which  is  essential  in  every  abdominal  section. 

Comment. — The  advantages  of  this  method  arc  obvious. 
The  vessel  is  easily  and  fully  exposed,  and  the  needle  can  be 
passed  without  risk  to  the  vein  or  the  ureter.  The  operation  is 
simple,  and  involves  but  little  time.  Its  dangers  are,  com- 
paratively speaking,  very  few.  The  ligature  can  be  applied 
accurately  at  the  spot  determined  upon.  The  condition  of  the 
artery  and  of  the  surrounding  parts  can  be  made  out,  and 
a  diagnosis  confirmed  or  modified.  The  great  objection  that 
some  few  years  ago  would  have  been  urged  against  the  pro- 
cedure— the  risk  of  acute  peritonitis — may  be  at  the  present 
day  almost  disregarded. 

Collateral  Circulation  after  Ligature  of  the  Internal 
Iliac  Artery : 


Above. 
Middle  sacral 
Inferior  mesoiitcric 
Branches  of  profunda  femoris 
Circumflex  iliac 
Internal  pudic  and  obturator 


Helow. 
■with      Lateral  sacral, 
with       HiEmorrhoidal  arteries, 
with       Sciatic  and  gluteal, 
witli  Ilio-lumbar. 
with       the  vessels  of  the  opposite  side. 


BRANCHES  OF  THE  INTERNAL  ILIAC  ARTERY. 

1.— The  Gluteal  Artery  (III). 

Anatomy. — This,  the  largest  branch  of  the  internal  ihac 
artery,  turns  round  the  upper  margin  of  the  great  sacro- 
sciatic  foramen,  and  divides  opposite  the  interval  between  the 
gluteus  medius  and  pyriformis,  into  two  divisions,  a  super- 
ficial and  a  deep.  The  former  passes  backwards  between  the 
gluteus  medius  and  pyriformis,  and  reaches  the  great  gluteus. 

The  latter  runs  forwards  between  the  gluteus  medius  and 
gluteus  mimmus. 

The  vein  lies  anterior  to  the  trunk  of  the  artery,  and  the 
superior  gluteal  nerve  is  placed  a  little  below  it. 

Line  of  the  Artery.— If  a  line  be  drawn  from  the  pos- 
terior superior  iliac  spme  to  the  top  of  the  great  trochanter, 
when  the  thigh  is  rotated  in,  a  point  at  the  junction  of  the 
upper  with  the  middle  third  of  that  line  Avill  correspond  to 
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the  point  at  which  the  gluteal  artery  emerges  from  the 
sciatic  notch  (Fig.  60,  a,  b). 

Indications.— This  operation  can  very  rarely  be  called  for. 
It  has  been  performed  with  success  in  cases  of  stab  wound,  in 
a  case  of  h£emo- 
rrhage  following  the 
evacuation  of  a 
gluteal  abscess,  and 
in  certain  examples 
of  false  aneurysm. 

It  was  first  hga- 
tured  by  John  Bell 
in  1808  for  false 
aneurysm  ("  Princi- 
ples of  Surgery  "). 

Operation. — The 
patient  is  rolled 
nearly  over  on  to 
the  face;  the  hmb 
is  allowed  to  hang 
over  the  edge  of  the 
table;  the  thigh  is 
rotated  in.  The 
surgeon  stands  upon 
the  side  to  be  dealt 
with. 

An  incision  five 
inches  in  length  is 
made  along  the  line 
just  given.  The 
centre  of  the  inci- 
sion should  corre- 
spond to  the  point  of  exit  of  the  artery  (Fig.  60). 

After  dividing  the  skin  and  superficial  fascia  with  a  few 
cutaneous  nerves,  the  gluteus  maximus  is  reached,  covered  by  its 
fascia.    The  incision  runs  parallel  with  the  fibres  of  the  muscle. 

These  fibres  are  separated  in  the  line  of  the  wound  until 
the  thickness  of  the  muscle  has  been  traversed.  A  muscular 
branch — from  the  superficial  division  of  the  artery — may  here 
be  met  with,  and  will  form  a  guide  to  the  trunk. 


Fig.  GO.— THE  INCISIONS  FOR  THE  GLUTEAL,  SCIATIC, 
Oil  PUDIC  ARTERIES. 

A,  Post.  sup.  iliac  spine ;  B,  Great  trochanter  ;  c,  Tuber 
ischii ;  D,  Ant.  sup.  Iliac  spine  ;  a-b,  Gluteal  line ; 
A-c,  Sciatic  and  pudio  line  (MacCormac). 
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The  deep  fascia  between  the  ghitei  muscles  is  reached,  aiul 
the  contiguous  margins  of  the  gkiteus  medius  and  pyriforniis 
muscles  are  exposed. 

The  gluteus  maximus  is  now  relaxed  by  placing  the  fully 
extended  thigh  upon  the  table.  The  interval  between  the 
gluteus  medius  and  pyriformis  is  opened  up  Avith  retractors, 
and  the  upper  margin  of  the  sciatic  notch  defined.  The  super- 
ficial division  of  the  artery  passes  between  the  two  muscles, 
and  leads  the  operator's  finger  to  the  main  trunk.  The  ligature 
should  be  applied  as  far  within  the  notch  as  possible — almost 
within  the  pelvis, — inasmuch  as  the  artery  breaks  up  into  its 
two  divisions  as  soon  as  it  has  cleared  the  notch. 

Care  must  be  taken  to  include  neither  the  nerve  nor  the 
vein.  In  order  to  obtain  a  fuller  view  of  the  vessel,  some 
fibres  of  the  great  sacro-sciatic  ligament  may  require  to  be 
divided. 

2. — The  Sciatic  or  Internal  Pudic  Arteries  (IV.). 

The  ligature  of  these  vessels  has  scarcely  ever  been  called 
for  in  actual  practice.  The  operation  has  been  performed  for 
some  uncommon  examples  of  wound. 

Anatomy. — The  sciatic  and  pudic  arteries  descend  to- 
gether in  front  of  the  pyriformis  muscle,  and  leave  the  pelvis 
by  the  lower  part  of  the  great  sacro-sciatic  foramen.  The 
sciatic  continues  its  course  downwards  under  cover  of  the 
gluteus  maximus,  and  rests  upon  the  obturator  internus 
and  gemelli  muscles. 

The  pudic  curves  forward  over  the  ischial  spine,  and 
enters  the  pelvis  again  by  the  small  sacro-sciatic  foramen. 

At  the  lower  margin  of  the  pyriformis  muscle  the  sciatic 
artery  is  superficial  to  the  pudic,  and  passes  behind  it  to 
gain  its  outer  side.  Both  vessels  are  accompanied  by  vena-^ 
comites.  To  the  inner  side  of  the  pudic  artery,  at  the  lower 
border  of  the  pyriformis,  lie  the  internal  pudic  nerve  and  its 
inferior  hsemorrhoidal  branch. 

The  sciatic  artery,  near  the  same  place,  is  superficial  {i.e., 
posterior)  to  both  the  small  and  the  great  sciatic  nerves. 

Operation. — The  point  at  which  the  sciatic  and  pudic 
arteries  emerge  from  the  pelvis  and  reach  the  gluteal  region 
is  indicated  by  a  line  drawn  (when  the  thigh  is  rotated  in) 
from  the  posterior  superior  iliac  spine  to  the  outer  part  of  the 
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tuber  ischii  (Fig.  60,  a — c).  The  point  in  question  is  at  the 
junction  of  the  middle  with  the  lower  third  of  this  line. 

An  incision,  some  four  inches  in  length,  is  made  obliquely 
across  this  line  in  the  direction  of  the  fibres  of  the  gluteus 
maxinuis,  and  is  so  placed  that  its  centre  corresponds  to  the 
point  just  indicated  (Fig.  60). 

The  gluteus  maximus  is  divided  in  the  line  of  the  wound, 
and  the  lower  margin  of  the  pyriformis  muscle  and  the  spine 
of  the  ischium  are  well  defined. 

The  hgature  should  be  passed  as  near  to  the  pelvis  as 
possible. 

THE  ABDOMINAL  AORTA. 

So  far  as  the  present  history  of  this  operation  is  con- 
cerned, the  ligation  of  the  abdominal  aorta  can  scarcely  be 
considered  to  be  a  justifiable  procedure. 

It  has  been  resorted  to  in  severe  cases  of  iliac  and 
inguinal  aneurysm  which  have  resisted  all  other  modes  of 
treatment,  and  has  been  practised  for  the  arrest  of  both 
primary  and  secondary  haemorrhage. 

The  aorta  was  first  ligatured  by  Sir  Astley  Cooper  in  1817 
("Prin.  and  Prac.  of  Surgery,"  vol.  i.,  page  228),  by  opening 
up  the  abdominal  cavity  in  the  median  line. 

The  second  operation  was  performed  by  James,  of  Exeter, 
in  1827  {Mecl.-Chir.  Trans.,  vol.  xvi.,  page  10).  He  followed 
the  procedure  of  Cooper.  His  patient  lived  a  few  hours  only. 
Cooper's  patient  survived  the  operation  forty  hours. 

The  third  operation  was  carried  out  by  Murray,  at  the  Cape 
of  Good  Hope,  in  1834  {Lond.  Med.  Gaz.,  vol.  xiv.,  page  68). 
He  reached  the  artery  by  a  lateral  incision,  and  did  not  open 
the  peritoneal  cavity.    The  patient  died  in  twenty-four  hours. 

The  fourth  and — in  certain  respects — the  most  important 
case  was  in  the  charge  of  Monteiro,  at  Kio  Janeiro.  He  ligatured 
the  aorta  in  1842  by  the  extra-peritoneal  method,  using  the 
incision  employed  by  Murray.  The  patient  hved  ten  days, 
and  died  of  secondary  haemorrhage  {Schmidt's  Jahrhiccher, 
1843). 

Since  then  the  operation  has  been  performed  by  South, 
Hunter,  McGuire,  Stokes,  Watson,  Czerny  of  Vienna,  and 
Czerny  of  Heidelberg. 

There  are  eleven  cases  in  all,  and  all  eleven  patients  died 
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within  a  comparatively  short  time  of  the  operation.  The 
most  successful  case  was  that  of  Montciro,  whose  patient 
lived  ten  days. 

As  the  majority  of  these  operations  were  carried  out  before 
the  introduction  of  antiseptic  methods  in  surgery,  and  before 
the  recent  improvements  m  ligature  material  had  been 
effected,  it  may  reasonably  be  argued  that  they  do  not  form 
an  argument  for  the  absolute  abandonment  of  the  operation. 

Cooper's  patient  appears  to  have  died  of  acute  peritonitis, 
a  complication  that  may,  with  some  certainty,  be  avoided  at 
the  present  day. 

Monteiro's  patient  might  possibly  have  escaped  death  from 
secondary  hncmorrhage  had  the  operation  been  performed  anti- 
septically,  and  had  a  more  suitable  ligature  been  employed. 

This  case  alone  woidd  appear  to  sanction  the  ligature  of  • 
the  aorta  in  desperate  cases  of  ihac  or  inguinal  aneurysm, 
when  every  other  mode  of  treatment  had  failed. 

It  must  not  be  forgotten,  however,  that  when  a  spon- 
taneous aneurysm  involves  one  or  other  of  the  iliac  arteries, 
it  cannot  be  expected  that  the  Avails  of  the  aorta  itself  will  be 
free  from  disease. 

Anatomy. — The  point  of  bifurcation  of  the  aorta  has  been 
already  described  (page  206).  The  vessel  at  its  lower  part  is 
covered  by  the  peritoneum  only,  and  upon  the  front  of  the 
artery,  and  beneath  the  serous  membrane  at  this  point,  are 
the  important  sympathetic  nerve  cords,  Avhich  pass  from  the 
aortic  to  the  hy^^ogastric  plexus.  The  aortic  plexus  lies  along 
the  aorta,  between  the  origins  of  the  superior  and  inferior 
mesenteric  arteries.  The  hypogastric  plexus  lies  in  the 
interval  between  the  two  common  iliac  arteries.  Much 
areolar  tissue  surrounds  the  vessel,  and  the  vena  cava  lies  to 
its  right  side.  The  inferior  mesenteric  artery  arises  between 
one  and  two  inches  above  the  bifurcation  of  the  aorta,  and 
it  is  between  this  vessel  and  the  origin  of  the  common  iliaes 
that  the  ligature  should  be  applied. 

1.  The  Intra-Peritoneal  Operation  (Astley  Cooper). — The 
patient  lies  upon  the  back,  with  -the  shoulders  raised.  An 
incision,  three  to  four  inches  in  length,  is  made  in  the  linea 
alba,  the  centre  of  the  incision  corresponding  to  the  umbilicus. 
The  peritoneal  cavity  is  opened,  and  the  intestines  having 
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been  drawn  aside,  the  serous  membrane  covering  the  vessel 
is  neatly  divided.  The  artery  should  then  be  well  bared  mid- 
way between  the  bifurcation  and  the  origin  of  the  inferior 
mesenteric  artery,  as  it  is  of  primary  importance  that  none 
of  the  sympathetic  nerve  fibres  should  be  included  in  the 
ligature.  The  great  vessel  is  best  isolated  with  the  finger. 
The  needle  must  be  passed  from  right  to  left,  and  care  must 
be  taken  not  to  damage  the  vena  cava.  A  stout  piece  of 
chromicised  catgut  of  large  size  will  be  required.  The 
operation  needs  a  good  hght,  a  reflector  or  an  electric  lamp, 
broad  spatula?,  and  an  especially  long  aneurysm  needle,  with 
such  a  curve  as  the  operator's  own  experiments  upon  the 
cadaver  have  shown  to  be  the  most  convenient. 

2.  The  Extra-Peritoneal  Operation  (Murray). — This  ope- 
ration involves  a  very  deep  and  complicated  wound.  The 
vessel  is  reached  with  difficulty,  and  the  passing  of  the  needle 
is  attended  with  considerable  danger.  The  jDrocedure  would 
not  have  been  described  had  it  not  been  the  method  which 
was  carried  out  in  the  most  successful  of  the  eleven  cases — 
viz.,  in  Monteiro's  case. 

A  curved  incision — with  the  concavity  forwards — mea- 
suring about  six  inches,  is  made  upon  the  left  side  of  the 
body,  fi'om  the  extremity  of  the  tenth  rib  to  a  point  about 
one  inch  to  the  inner  side  of  the  anterior  superior  ihac  sj)ine. 
The  three  abdominal  muscles  and  the  transversalis  fascia  are 
divided  in  the  manner  akeady  described  in  the  operation 
for  ligaturing  the  common  iliac  artery.  The  peritoneum  is 
separated  fi-om  the  iliac  fascia;  the  common  iliac  trunk  is 
in  this  way  reached,  and  the  surgeon's  fingers  are  gradually 
led  to  the  aorta  itself  The  vessel  should  be  isolated  as  well 
as  is  possible  by  the  finger.  It  should  be  bared  of  the  areolar 
tissue  around  it,  in  order  to  avoid  the  inclusion  in  the  ligature 
of  the  sympathetic  nerve  trunks. 

The  needle  is  passed  from  left  to  right,  the  vein  being 
protected  by  the  forefinger. 
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^art  lY. 

OPERATIONS   UPON  NERVES. 

CHAPTER  I. 
Introductory. 

The  following  are  the  operations  which  are  considered  in 
this  connection. 

1.  Nerve  stretching. 

2.  Neurotomy,  or  section  of  a  nerve  trunk. 

3.  Neurectomy,  or  excision  of  a  portion  of  a  nerve 

trunk. 

4.  Neuroraphy,  or  suture  of  a  divided  nerve  trunk. 
These  operations  are  all  of  comparatively  modern  origin. 

The  good  effect  of  nerve  stretching  upon  irregular  muscular 
contractions  was  observed  by  Nussbaum  in  1860  in  a  case  in 
which  the  ulnar  nerve  was  accidentally  stretched  during  an 
excision  of  the  elbow.  Billroth  met  with  a  similar  accidental 
experience  in  1869.  In  1872  Nussbaum  practised  the  first 
intentional  nerve  stretching. 

With  the  appearance  of  Vogt's  monograph  in  1877  con- 
spicuous attention  Avas  drawn  to  the  subject,  and  a  fcAV  years 
later  the  operation  was  introduced  into  England. 

Neurotomy  for  neuralgia  and  more  especially  for  neuralgias 
of  the  face,  is  not  a  very  modern  operation.  It  was  practised 
by  Marechal  in  the  middle  of  the  18th  century,  and  in  1798 
J ohn  Haighton  published  an  account  of  "  a  case  of  tic  doulou- 
reuk  or  painful  affection  of  the  face,  successfully  treated  by  a 
division  of  the  affected  (infra-orbital)  nerve."  Subsequent  to 
this  the  operation  appears  to  have  been  so  frequently  and  so 
recklessly  employed  that  the  procedure  sank  into  disrepute. 
It  was  revived  again  about  1852  by  Roux  and  others,  and  was 
placed  upon  a  more  sound  basis. 

The  suture  of  nerves  has  for  centuries  attracted  the  notice 
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of  surgeons,  but  the  matter  received  little  but  theoretical 
treatment.  In  1776  Cruikshank  established  the  reality  of  the 
cicatrisation  of  nerves,  and  the  work  of  Weir  Mitchell  upon 
gunshot  injuries  of  nerves,  published  in  1864,  drew  notable 
attention  to  the  clinical  features  of  certain  nerve  lesions.  In 
the  same  year,  Laugier  and  Nelaton  performed  what  was 
probably  the  first  deftnite  and  well-planned  neuroraphy. 
They  were  certainly  the  first  to  give  a  precise  account  of  the 
ojjeration. 

1.  Nerve  Stretching. — This  procedure  has  been  applied  to 
nerves  of  all  kinds,  both  large  and  small,  to  motor  and  sensory 
nerves,  as  well  as  to  those  of  mixed  composition.  During  the 
period  at  which  a  rage  for  nerve  stretching  existed  even  the 
optic  nerve  was  stretched  in  cases  of  loss  of  vision  (Wecker 
1881,  Parnard  1882). 

The  measure  has  been  employed  in  the  treatment  of 
various  forms  of  muscular  spasm  (e.g.,  wry  neck,  tic  convulsif, 
tetanus),  in  peripheral  neuralgias,  in  peripheral  neuritis,  in 
sciatica,  in  reflex  epilepsy,  in  cases  of  hyperaesthesia,  painful 
ulcer  and  painful  stump,  and  for  the  relief  of  anaesthesia  in 
leprosy,  and  lightning  pains  in  locomotor  ataxy.  The  results 
have,  on  the  whole,  not  been  very  satisfactory.  The  best 
effects  have  been  obtained  in  certain  cases  of  sciatica  and 
of  peripheral  neuritis,  in  a  proportion  of  the  examples  of 
neuralgia,  and  in  instances  of  spasmodic  contraction  of 
muscles. 

The  extensibility  of  nerves  varies  greatly,  and  is  influenced 
by  the  size  and  situation  of  the  trunk,  its  condition,  the  age 
and  general  state  of  the  patient. 

It  is  said  that  a  weight  of  about  6  lb.  10  oz.  is  required 
to  extend  the  median  nerve  of  an  adult  man  three-fourths 
of  an  inch,  and  that  the  elasticity  of  the  nerve  is  A\ch,  that  it 
will  return  to  its  normal  length  Avhen  the  extending  force  is 
removed,  even  when  the  tension  has  been  maintamed  for  a 
few  hours. 

Nerve  trunks  are  more  extensile  near  the  spinal  cord  than 
at  a  distance,  and  in  the  upper  than  in  the  lower  limb.  This 
depends  probably  upon  the  ■  strength  of  the  'nerve  sheath, 
which  is  subject  to  variation,  and  against  which  the  main 
strain  of  the  stretching  is  directed. 
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Modus  Operandi. — The  nerve  is  exposed  at  its  most  con- 
venient and  usually  at  its  most  superficial  part,  and  is  then 
clearly  isolated  and  brought  well  into  view. 

In  the  limbs  the  joints  may  be  so  flexed  as  to  relax  the 
parts  about  the  site  of  the  operation.  Good  retractors  will 
usually  be  required.  The  larger  nerve  trunks  are  stretched 
by  means  of  the  finger  and  thumb,  smaller  nerves  by  means 
of  a  suitable  blunt  hook,  and  the  smallest  cords  by  the  aid  of 
a  probe  or  director. 

"  The  nerve,"  writes  Mr.  Horsley,  "  being  firmly  held  be- 
tween the  finger  and  thumb,  is  then  to  be  steadily  pulled  for 
about  five  minutes,  first  centrifugally,  and  then  centripetally 
for  a  like  period  of  time.  The  tension  must  be  gradually 
applied  and  kept  constant  the  whole  time,  while  all  jerks 
(the  force  of  which  is  unknown)  are  to  be  avoided.  The 
actual  amount  of  force  with  which  it  is  advisable  to  pull, 
varies  from  a  maximum  of  thirty  pounds  for  the  sciatic  nerve, 
to  half  a  pound  for  the  supra-trochlear.  The  amount  of  force 
must  necessarily  vary  with  individual  development  and  the 
state  of  the  nerve  (Marshall).  It  will  now  be  found  that  the 
nerve  is  loose  and  elongated,  owing  to  its  elasticity  being 
relatively  very  imperfect."  With  regard  to  the  sciatic  nerve 
Marshall  writes,  "  If  I  first  pull  as  hard  as  I  imagine  I  should 
do  upon  a  living  sciatic  nerve  during  an  operation,  I  find  that 
the  force  employed  is  about  equal  to  twenty  pounds  ;  but  if  I 
pull  very  hard,  it  is  increased  to  thirty  pounds  ;  and  that,  I 
believe,  is  as  hard  as  a  surgeon  could  well  pull  when  holding 
a  soft  nerve  between  his  finger  and  thumb." 

The  nerve  having  been  replaced,  the  incision  is  closed. 

The  part  should  be  kept  absolutely  at  rest  until  the  wound 
has  entirely  healed.  Active  and  passive  movements  of  the 
limb  should  then  be  gradually  carried  out,  and  some  form  of 
simple  massage  be  employed. 

2  and  3.  Neurotomy  and  Neurectomy. — These  operations 
have  been  adopted  in  the  treatment  of  similar  cases  to  those 
mentioned  in  the  previous  paragraph.  They  arc  of  necessity 
limited  to  smaller  nerves,  and  in  nearly  every  instance  to  such 
nerves  as  are  pTu-ely  sensory. 

In  cases  of  peripheral  neuralgia,  and  in  certain  painful 
affections  —  such  as  cancer  of  the  tongue  —  neurotomy  or 
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neurectomy  has  met  with  a  certain  amount  of  success.  In  the 
neuralgic  cases  there  is  a  great  disposition  to  relapse  after  a 
varying  period.  The  patients  are  often  not  the  best  subjects 
for  operation  ;  many  are  hysterical,  and  in  not  a  few  possibly 
the  diagnosis  has  been  ill-considered  and  the  time  ill-selected. 

The  nerve  is  exposed  at  some  "  place  of  election,"  and  is 
dealt  with  by  one  or  other  of  the  methods  named. 

The  majority  of  these  operations  are  not  of  great  gravity. 

4.  Neuroraphy. — This  operation  concerns  the  union  of 
nerve  trunks  which  have  been  severed  by  accident. 

The  term  "  immediate  suture  "  is  applied  to  cases  in  which 
the  divided  ends  of  the  nerve  are  united  within  a  short  time 

^   of  the  accident ;  the  term  "  secondary 

%^  suture "   to  instances  in  which  a 

Fig.  (ii.-HooK  USED  IN  NEUR-  pcriod  of  tiinc  varying  from  weeks 
oTOMY    OK    NEUKECTOMY.    to  uiouths  has  clapscd  between  the 
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receipt  of  the  injury  and  the  opera- 
tion. It  is  needless  to  say  that  the  former  measure  is  the 
simpler  and  by  far  the  more  successful. 

In  the  immediate  suture,  the  wound  is  perfectly  cleaned, 
the  cut  ends  of  the  nerve  are  brought  together  and  united  by 
sutures.  Any  bruised  or  jagged  part  of  the  exposed  nerve  is 
cut  away.  The  general  features  of  the  operation  are  identical 
with  those  now  to  be  described. 

In  the  secondary  sutiire  the  steps  of  the  procedure  are  as 
follow : — 

1.  The  nerve  is  exposed.  The  incision  is  made  over  the 
course  of  the  nerve,  and  parallel  to  it.  This  part  of  the 
operation  may  be  complicated  by  the  presence  of  much 
cicatricial  tissue  and  many  adhesions,  by  wasting  of  adjacent 
muscles,  by  deformity,  by  the  existence  of  a  mass  of  callus 
about  a  fracture,  and  by  much  retraction  of  the  nerve  itself. 
In  most  mstances  the  use  of  an  Esmarch's  tourniquet  is  not 
to  be  advised.  Even  in  a  case  of  simple  division  of  the  nerve 
by  a  stab,  an  interval  of  from  a  half  to  one  inch  may  be  found 
to  separate  the  divided  ends.  In  instances  where  there  has 
been  much  destruction,  the  interval  may  be  greater. 

The  uj)per  end  of  the  nerve  is  more  easily  found  than  the 
lower.    It  is  usually  enlarged,  bulbous,  and  sensitive. 

The  lower  end,  on  the  other  hand,  is  usually  atrophied  and 
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filiform,  and  is  apt  to  be  lost  in  cicatricial  tissue,  and  to  be  free 
from  notable  sensation. 

It  may  be  necessary  to  expose  the  trunk  of  the  nerve 
lower  doAvn  and  then  to  follow  the  cord  upwards,  m  order  to 
lind  the  "  lower  end  "  with  greater  certainty. 

In  any  case  the  operator  must  be  prepared  to  make  a  very 
free  wound. 

Each  portion  of  the  exposed  nerve  should  be  freed  for 
some  distance  respectively  upwards  and  downwards,  and  the 
ends  carefully  drawn  ujd  in  order  to  bring  as  much  of  the 
nerve  as  possible  into  the  wound  area  to  overcome  the  gap 
resulting  from  retraction,  and  to  allow  the  extremities  to  be 
brought  readily  in  contact. 

2.  The  two  exposed  ends  are  excised.  This  is  best  done 
with  sharp  small  scissors.  The  cut  must  be  clean  and  quite 
transverse.  The  bulb  may  be  cut  away  layer  by  layer  until  a 
section  of  healthy  nerve  fibres  is  exposed.  It  is  not  always 
necessary  to  remove  the  whole  of  the  bulbous  end.  Indeed, 
the  firmer  tissues  of  the  bulb  afford  an  excellent  hold  for  the 
sutures.  Bowlby  advises  that  the  section  should  pass  through 
the  upper  end  of  the  bulb,  close  to  the  trunk. 

With  regard  to  the  lower  end  of  the  nerve,  Bowlby  advises 
that  it  is  only  necessary  "  to  cut  away  the  extreme  end,  which, 
being  matted  with  fibrous  tissue  and  compressed  by  the 
surrounding  scar,  is  very  likely  to  contain  no  nerve  tubules. 
It  is  seldom  necessary  to  remove  as  much  as  \  inch,  and 
however  unhealthy  the  section  may  look,  no  good  is  ever  to 
be  gained  by  a  further  sacrifice." 

3.  The  two  ends  are  united  by  sutures.  From  2  to  6  or 
8  sutijres  will  be  required,  according  to  the  size  of  the  divided 
nerve.  The  material  should  be  either  fine  silk  or  chromicised 
catgut  or  the  finest  silkworm  gut.  Some  surgeons  especially 
recommend  kangaroo  tendon  sutures.  The  thread  is  passed 
by  means  of  a  Hagedorn's  curved  needle.  A  small  "  intestinal " 
needle  answers  admirably.  The  needle  should  be  introduced 
about  \  of  an  inch  from  the  free  end  of  the  nerve,  and  the 
thread  should  be  carried  through  the  whole  thickness  of  the 
trunk.  If  the  sheath  be  substantial  or  use  can  be  made  of  the 
cicatricial  tissue  around  the  nerve,  the  sutures  may  be  intro- 
duced into  the  extra-neural  structures.     Sutures,  however, 
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which  are  hmited  to  the  sheath  are  of  very  Httle  use.  No 
harm  has  been  shown  to  follow  the  passing  of  the  needle 
through  the  substance  of  the  nerve.  If  six  sutures  are  to  be 
applied,  three  may  involve  the  nervous  cord  and  three  the 
sheath,  or  connective  tissue  dissected  up  with  it.  The  ends  must 
be  brought  into  close  contact  and  be  very  accurately  adjusted. 

All  rough  handling  of  the  nerve  must  be  avoided. 

4.  The  wound  is  closed.  No  drainage  tube  is  required,  and 
every  care  should  be  taken  to  ensure  the  healing  of  the  wound 
by  first  intention.  The  limb  should  be  so  adjusted  that  the 
parts  concerned  in  the  operation  wound  are  relaxed,  and  no 
traction  is  brought  to  bear  upon  the  sutured  nerve.  For 
example,  if  the  nerve  concerned  be  the  median  in  the  forearm, 
both  the  elbow  and  the  wrist  joints  should  be  flexed.  The 
parts  must  be  rigidly  maintained  in  the  desired  position  by 
means  of  splints,  and  should  be  well  protected  and  kept  warm. 

As  soon  as  the  wound  has  soundly  healed,  passive  move- 
ments, together  with  massage  and  galvanism,  may  be  cautiously 
employed. 

The  result  of  neuroraphy  must  depend  upon  many  circum- 
stances— upon  the  natin-e  of  the  injury,  the  lapse  of  time  since 
the  nerve  was  divided,  the  amount  of  separation  of  the  two 
ends,  the  local  condition,  the  state  of  the  patient's  health,  the 
amount  of  degeneration  which  has  taken  place,  and  the  readi- 
ness with  which  the  operation  wound  has  healed.  In  any 
case  it  must  be  remembered  that  a  very  considerable  time 
must  be  allowed  to  elapse  before  the  surgeon  can  form  an 
opinion  as  to  the  final  results  of  the  operation.  Complete 
restoration  of  function  will  often  require  one  or  two  years,  and 
no  improvement  of  any  kind  may  be  evident  for  several 
months  after  the  neuroraphy. 

Subjoined  is  an  account  of  the  methods  of  exposmg  the 
nerves  most  usually  subjected  to  operation.  Comparatively 
few  nerves  are  dealt  with,  and  no  attempt  has  been  made  to 
give  a  description  of  all  the  operations  which  have  been,  or 
may  be  performed.  There  are  few  of  the  superficial  nerves 
of  the  body  which  have  not  been  cut  down  upon  at  one  time 
or  another.  In  the  limbs  many  of  the  nerves  are  exposed 
through  the  incision  required  for  the  ligature  of  the  companion 
iirtery,  as  for  example  the  anterior  or  posterior  tibial. 


* 


227 


CHAPTER  II. 

OPEllATIONS  UPON  THE  NeRVES   OF   THE   HeAD   AND  NeCK. 
THE  FIRST  DIVISION  OF  THE  TRIFACIAL  NERVE. 

The  Supra  -  Orbital  Nerve.  —  Anatomy.  —  This  nerve 
escapes  through  the  supra-orbital  notch  and  ascends  vertically 
upwards.  The  notch  is  situated  at  the  junction  of  the  middle 
with  the  inner  third  of  the  upper  orbital  margin.  At  this 
spot  the  nerve  lies  beneath  the  orbicularis  palpebrarum,  and 
is  usually  found  to  have  already  broken  up  into  two  divisions. 
It  is  accompanied  by  the  supra-orbital  vessels  which  lie  to  its 
outer  side  (Figs.  62  and  63). 

Operation. — The  eyebrow  is  steadied  by  the  operator's 
left  hand  while  an  assistant  draAvs  the  eyelid  downwards. 
An  incision  about  three-quarters  of  an  inch  in  length  is  made 
horizontally  along  the  superior  orbital  margin  in  such  a  way 
that  its  centre  will  correspond  to  the  supra-orbital  notch. 
The  integuments  and  orbicularis  muscle  having  been  cut 
through,  the  nerve  is  readily  exposed.  The  vessels  should  be 
avoided. 

Comment. — A  vertical  incision  exposes  more  of  the  nerve, 
and  is  simpler,  but  it  makes  a  more  considerable  section  of  the 
muscle  and  leaves  a  larger  scar. 

THE  SECOND  DIVISION  OF  THE  TRIFACIAL  NERVE. 

Anatomy. — The  superior  maxillar}^  nerve  pursues  a  nearly 
horizontal  course  from  the  foramen  rotundum  to  the  infra- 
orbital foramen  on  the  anterior  surface  of  the  upper  jaw.  If 
the  course  of  the  nerve  be  followed  the  distance  between  these 
two  foramina  is,  in  the  adult  skull,  about  two  inches. 

At  the  infra-orbital  foramen  the  nerve  breaks  up  into  its 
ultimate  cutaneous  branches,  viz.,  the  palpebral,  labial,  and 
nasal  (Figs.  62  and  63). 

A  little  beyond  the  foramen  rotundum  the  nerve  crosses  the 
p  2 


OPERATIVE  SURGERY. 

sphcno-maxillary  fossa,  and  at  the  spot  where  it  bridges  over 
this  fossa,  Meckel's  ganghon  is  found. 

The  distance  from  the  infra-orbital  foramen  (on  the 
face)  to  Meckel's  ganglion  can  seldom  be  less  than  1|  inch. 

The  following  is  the  guide  for  the  infra-orbital  foramen.  A 
hue  is  drawn  downAvard  from  the  supra-orbital  foramen 


Fig.  G2.— THE   NEUVES   OF   THE  FACE  AND   THEIR  KELATIONS  TO  THE  AllTERIES  OF 

THE  KEGTON.    {From  Meckel.) 

(page  227)  so  as  to  cross  the  gap  between  the  two  bicuspids 
in  both  jaws.  This  line  will  cross  both  the  infra-orbital  and 
the  mental  foramina.  The  former  is  just  above  the  canine 
fossa  and  about  a  quarter  of  an  inch  below  the  margin  of  the 
orbit. 

Meckel's  ganglion  is  a  triangular  body  with  a  ^diameter 
of  about  one-fifth  of  an  inch.  It  is  surrounded  by  the 
terminal  branches  of  the  internal  maxillary  artery,  and  has 
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the  following  relations.  Above  it  is  the  superior  maxillary 
nerve,  behind  it  are  the  sphenoid  bone  and  the  vidian  canal, 
on  its  outer  side  are  the  termination  of  the  internal  maxillary 
artery  and  the  external  pterygoid  muscle,  and  on  its  inner 
side  are  the  vertical  plate  of  the  palate  bone  and  the  spheno- 
palatine foramen. 

As  this  nerve  is  often  dealt  with  in  the  treatment  of 
neuralgia  involving  the  upper  teeth,  the  position  of  its  branches 
is  imjDortant.  Within  the  skull  it  gives  ofif  the  recurrent 
branch  to  the  dura  mater.  Between  the  foramen  rotundum 
and  the  arano'lion  comes  off  the  orbital  branch.  Between  the 
ganglion  and  the  superior  maxilla,  i.e.,  at  the  point  of  entrance 
into  the  infra-orbital  canal,  arises  the  posterior  dental  branch 
which  supplies  the  molars.  At  the  hinder  part  of  the  canal 
and  within  the  maxilla  takes  origin  the  middle  dental  nerve 
which  supplies  the  bicuspid  and  canine  teeth.  The  incisor 
teeth  are  supplied  by  the  anterior  dental  nerve  which  arises 
at  the  anterior  part  of  the  canal  close  to  the  infra-orbital 
foramen. 

In  order  therefore  that  all  the  dental  nerves  might  be 
severed,  the  nerve  trunk  must  be  divided  as  far  back  as 
Meckel's  ganglion. 

The  posterior  half  of  the  mfra-orbital  canal  is  open  to  the 
orbit,  and  exists  as  a  groove  merely,  the  anterior  half  has  a 
bony  roof  and  takes  therefore  the  form  of  a  genuine  osseous 
canal.  Occasionally  the  whole  or  part  of  the  posterior  portion 
of  the  so-called  canal  has  a  bony  roof,  and  in  such  case  no  part 
of  the  nerve  could  be  exposed  from  the  orbit  without  cutting 
through  a  thin  plate  of  bone. 

The  infra-orbital  vessels  which  accompany  the  nerve  in  the 
infra-orbital  canal  are  small  and  have  an  inconstant  relation  to 
the  nerve,  although  they  more  usually  lie  to  its  outer  side. 
In  one  instance  I  found  the  artery  winding  around  the  nerve. 

1.  The  Infra-Orbital  Nerve.  ~  Operation. —  This  nerve 
may  be  exposed  as  it  leaves  the  infra-orbital  foramen  by 
means  of  a  transverse  incision  three-quarters  of  an  inch  in 
length  made  about  a  quarter  of  an  inch  below  the  lower 
margin  of  the  orbit,  and  so  placed  as  to  cross  the  infra-orbital 
foramen  (Figs.  62  and  63). 

After  the  skin,  layer  of  subcutaneous  fVit,  and  orbicularis 
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muscle  have  been  divided,  the  levator  labii  superioris  is 
exposed  and  must  be  severed  in  the  line  of  the  original  wound. 
The  nerve  is  now  reached  and  can  be  dealt  with.  The  parts 
are  vascular  and  the  view  of  the  nerve  is  apt  to  be  occluded  by 
free  bleeding. 

Comment — Section  of  the  nerve  at  this  spot  cuts  oft" 
merely  the  terminal  branches  to  the  face.  Subcutaneous 
division  of  the  nerve  through  the  mouth  has  been  advised,  but 
experience  has  shown  that  in  the  treatment  of  neuralgia 
mere  division  of  the  terminal  fibres  of  a  nerve  is  of  little 
service. 

Various  methods  have  been  devised  for  dealing  with 
the  infra-orbital  nerve  nearer  to  its  commencement  by  ex- 
posing it  through  the  floor  of  the  orbit. 

An  incision  is  made  along  or  near  the  lower  margin  of  the 
orbit,  the  orbital  fascia  is  divided  and  the  contents  of  the 
cavity  are  displaced  upwards  by  means  of  a  thin  spatula. 

The  infra-orbital  groove  is  exposed  and  the  nerve  divided 
as  far  back  as  possible.  If  the  terminal  part  has  been  brought 
into  view  through  the  skin  incision,  a  considerable  jDart  of  the 
nerve  might  be  drawn  out  after  the  division. 

These  operations  are  unsatisfactory.  The  wound  is  very 
deep  and  the  area  of  the  operation  is  exceedingly  narrow. 
The  orbital  tissues  are  disturbed  and  the  globe  and  its 
nerve  apparatus  are  exposed  to  danger.  Moreover,  unless  the- 
nerve  be  divided  as  far  back  as  the  commencement  of  the 
infra-orbital  groove  only  the  anterior  dental  nerve  will  be  re- 
moved by  the  neurectomy.  Severe  ha3morrhage  into  the  orbit 
and  exomphalos  have  followed  these  measures.  The  state- 
ment that  the  nerve  has  been  divided  as  far  back  as  the 
spheno-maxillary  fossa  when  exposed  through  the  orbital 
floor  may  be  open  to  some  question. 

2.  The  Trunk  of  the  Superior  Maxillary  Nerve  and 
Meckel's  Ganglion. 

In  some  forms  of  intractable  neuralgia  the  nerve  has  been 
divided  on  the  distal  side  of  the  foramen  rotundum  and  the 
whole  trunk  removed  as  far  forwards  as  the  infra-orbital  fora- 
men, together  with  Meckel's  ganglion. 

Operation. — A  V-shaped  incision  is  made  on  the  front  of 
the  cheek  so  placed  that  the  apex  points  directly  downwards 
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and  the  centre  of  the  V  is  opposite  to  the  infra-orbital 
foramen.  The  incision  should  form  two  sides  of  an  equi- 
lateral triangle,  each  limb  of  which  measures  a  little  more 
than  one  inch  (Fig.  65,  b). 

The  knife  is  carried  at  once  down  to  the  bone,  and  the  tri- 
angular flap  formed  by  the  soft  parts  is  turned  up  over  the 
lower  lid.  A  long  silk  suture  is  introduced  into  the  apex  of 
the  flap,  in  order  that  it  may  be  drawn  well  upwards  out  of 
the  surgeon's  way. 

The  infra-orbital  nerve  is  sought  for  and  isolated  as  it  is 
emerging  from  the  foramen.  The  bone  having  been  cleared,  a 
portion  of  the  anterior  wall  of  the  antrum  measuring  from 
^  to  I  of  an  inch  square  is  removed  with  a  chisel  and  mallet. 
The  infra-orbital  foramen  will  be  a  little  above  the  centre  of 
the  part  removed.  The  mucous  lining  of  the  antrum  having 
been  divided  that  cavity  is  fully  opened.  In  order  that  the 
rest  of  the  operation  may  be  conveniently  performed,  a  small 
electric  lamp  is  needed  which  may  be  fixed  to  the  surgeon's 
forehead.    In  no  operation  is  a  good  light  more  essential. 

The  posterior  Avail  of  the  antrum  is  now  exposed,  and  a 
portion  about  \  of  an  inch  square  is  cut  away  with  a  fine 
chisel  and  mallet. 

In  removing  the  two  portions  of  bone  some  surgeons  use 
trephines — a  half-inch  trephine  for  the  anterior  wall  and  a 
quarter-inch  for  the  posterior.  The  chisel  is,  however,  by  far 
the  more  convenient  and  precise  instrument,  and  mflicts  a  less 
degree  of  injury  upon  the  surrounding  tissues. 

The  haemorrhage  is  very  free,  and  some  little  time  may 
now  be  devoted  to  arresting  it  as  far  as  is  possible. 

The  next  step  consists  in  dividing  the  mucous  lining  on  the 
roof  of  the  antrum,  under  the  course  of  the  infra-orbital  canal. 
The  bone  forming  the  floor  of  this  canal  must  be  broken  away 
from  one  end  of  the  maxilla  to  the  other.  This  is  best  effected 
by  means  of  scissors,  aided  by  a  fine  carpenter's  bradawl  and  a 
slender  bone  elevator  or  stout  director.  The  bone  is  thin  and 
offers  little  resistance,  and  the  nerve,  which  must  be  most  care- 
fully preserved  and  carefully  followed  line  by  line,  forms  the 
guide  to  the  surgeon's  movements.  Much  iDleeding  may  be 
expected  from  the  damaged  infra-orbital  vessels,  Avhich  can 
seldom  be  surely  isolated.    When  the  posterior  wall  of  the 
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maxilla  is  reached,  the  white  and  conspicuous  nerve  will  be 
hanging  loose  in  the  cavity  of  the  antrum.  Slender  dissecting 
forceps  with  long  blades  are  needed  during  this  stage,  and 
become  still  more  necessary  when  the  region  of  the  foramen 
rotundum  is  reached. 

The  bone  of  the  hinder  wall  of  the  antnun  must  be  so 
completely  removed  that  the  nerve  is  seen  to  hang  free  in  the 
cavity  produced.  The  wound  may  now  be  stuffed  for  a  while 
with  a  conical  piece  of  sponge  in  order  that  the  haemorrhage, 
which  is  still  free,  might  be  held  a  little  in  check. 

By  means  of  the  long  slender  forceps  and  a  director  the 
surgeon  endeavours  to  make  out  the  position  of  the  trunk  as 
it  issues  from  the  foramen  rotundum,  and,  if  possible,  the  pre- 
cise locality  of  the  ganglion.  In  this  attempt  he  is  aided  by 
the  infra-orbital  nerve  upon  which  traction  (by  means  of  a  silk 
thread)  is  maintained.  Finally  the  superior  maxillary  nerve 
is  divided  close  to  the  foramen  rotundum  by  a  pair  of  very 
slender  curved  scissors,  and  any  branches  which  still  hold  the 
nerve  in  position  having  been  divided,  the  whole  trunk  is  re- 
moved with  the  ganglion  attached. 

At  this  step  of  the  operation  also  much  bleeding  may  be 
expected.  The  nerve  cord  removed  should  measure  not  less 
than  one  inch  and  three-quarters. 

The  antrum  having  been  sponged  out  the  skin  incision  is 
united  by  sutures  and  the  selected  dressing  applied.  A  small 
drainage  tube  should  be  maintained  in  the  lower  angle  of  the 
wound  for  the  first  twenty-four  hours. 

Comment. — The  operation  above  described  is  a  modification 
of  the  procedure  introduced  by  Carnochan  of  New  York, 
{Amer.  Journ.  Med.  Sc.,  1858,  page  136)  who  appears  to  have 
been  the  first  surgeon  to  have  excised  the  superior  maxillary 
nerve.  An  excellent  account  of  "neurectomy  of  the  second 
division  of  the  fifth  nerve  "  is  given  by  Chavasse  in  the  ]\fedico- 
Chirurgical  Tram  motions  for  1884.  Chavasse  has  collected 
twenty-two  examples  of  Carnochan's  operation.  In  three  only 
of  these  does  the  relief  appear  to  have  been  permanent.  In 
most,  if  not  in  all  of  the  cases,  a  trephine  was  used. 

I  have  performed  the  operation  five  times  during  the  last 
ten  years.  In  all,  the  wound  healed  Avell  and  soundly.  In 
one  instance  facial  erysipelas  developed,  but  with  this  exception 
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the  operation  was  followed  by  little  or  no  constitutional  dis- 
turbance. The  deformity  produced  was  quite  insignificant,  and 
the  scar  was  by  no  means  conspicuous.  In  the  two  severest 
cases  the  neuralgia  returned  at  the  end  of  three  years  and  two 
years  respectively.  One  patient  died  of  cancer  six  months 
after  the  operation.  In  the  remaining  two  patients  the  pain 
returned  within  twelve  months.  In  one  of  these  I  was  not 
sure  that  I  had  succeeded  in  removing  the  ganglion. 

Other  Methods  of  Performing  this  Operation  are  described 
by  Chavasse  in  the  following  words : — 

Professor  Llicke,  of  Strasburg,  makes  an  oval  incision  "  from 
a  point  just  above  the  external  canthus  of  the  eye,  passing  at 
first  backwards,  then  downwards  and  forwards,  and  termin- 
ating at  the  zygomatic  process  of  the  upper  jaw.  The  masseter 
muscle  is  divided  and  the  zygomatic  arch  sawn  through  an- 
teriorly, and  fractured  posteriorly.  This  piece  of  bone,  Avith 
the  temporal  fascia  attached  to  it,  is  turned  upwards.  By 
these  means  the  spheno-maxillary  fossa  is  reached,  and  the 
nerve  is  cut  as  it  emerges  fi-om  the  skull.  The  fractured  bone 
is  then  replaced  and  the  masseter  muscle  attached  to  it  with 

sutures.    Union  of  the  bone  shortly  takes  place  

The  drawback  to  it  is  the  contraction  of  the  muscle  which  is 
apt  to  follow,  leading  to  depressed  cicatrices,  and  thus  necessi- 
tating prolonged  after-treatment. 

"  To  obviate  this  difficulty  Professor  Lossen,  of  Heidelberg, 
has  modified  the  operation  by  dividing  the  temporal  fascia 
along  the  upper  edge  of  the  zygoma,  then,  after  fracturing 
the  bone,  turning  it  backwards  with  the  masseter  left  intact. 
After  replacement  of  the  bone,  the  temporal  fascia  is  stitched 
in  its  old  position,  and  the  masseter  is  unable  to  draw  the 

bony  fragment  downwards  Reyher  operated  by 

first  tying  the  common  carotid  artery  and  then  cutting  away 
the  nerve,  according  to  the  plan  of  Lossen.  Nussbaum  and 
Billroth  have  also  cut  away  portions  of  the  superior  maxillary 
nerve  by  means  of  Langenbeck's  osteo-plastic  resection  of  the 
upper  jawbone,  and,  still  more  recently,  Gerster  has  advocated 
a  modification  of  this  procedure  by  sawing  through  the  middle 
of  the  malar  bone." 

These  various  measures  are  all  needlessly  severe,  and 
involve  wounds  of  gi-eat  and  unnecessary  magnitude. 
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Since  it  is  to  be  questioned  whether  this  neurectoriiy  is  of 


Fig.  63. — THE   NERVES   OV   THE  FACE  AND  OF  THE  SIDE  OF   THE  HEAD. 

{From  Meckel.) 


permanent  vahie  the  operations  last  described  can  hardly  be 
considered  to  be  justified  by  the  results  obtained; 

THE  THIRD  DIVISION  OF  THE  TRIFACIAL  NERVE. 

1.  The  Trunk  of  the  Nerve  at  the  Foramen  Ovale. 

Anatomy. — The  nerve  on  leaving  the  foramen  ovale  is  im- 
mediately joined  by  the  motor  part  of  the  fifth  nerve  (Fig.  64). 
A  little  way  below  the  foramen  the  nerve  breaks  up  into  two 
divisions,  an  anterior  small  or  upper  division,  and  a  posterior, 
large,  or  inferior  division.  From  the  trunk  arise  four  nerves 
—the  recurrent  branch  to  the  dura  mater,  which  enters  the 
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skull  through  the  foramen  spinosuui ;  the  internal  pterygoid 
nerve ;  cand  the  nerves  to  the  tensor  tynipani  and  tensor  palati. 

From  the  anterior  division  arise  four  nerves,  the  temporal 
(anterior,  middle  and  posterior) ; 
the  masseteric  (from  the  pos- 
terior temporal) ;  the  buccal 
(with  the  anterior  temporal) ;  and 
the  external  pterygoid  (Figs.  64, 
66,  and  67). 

From  the  posterior  division 
arise  also  four  nerves,  the  auri- 
culo-temporal,  the  gustatory,  the 
inferior  dental,  and  the  mylo- 
hyoid. 

The  foramen  ovale  is  situated 
opposite  to  the  eminentia  ar- 
ticularis  at  the  root  of  the  zy- 
goma, and  is  about  one  inch 
and  a  quarter  from  that  process 
of  bone,  lying  in  a  line  trans- 
verse to  the  long  axis  of  the 
skull.  The  foramen  is  about  a 
quarter  of  an  inch  in  front  of 
the  spinous  process  of  the 
sphenoid,  and  is  immediately 
behind  the  free  edge  of  the 
pterygoid  plate.  These  two  points  of  bone,  together  with  the 
eminentia  articularis  form  excellent  landmarks. 

The  small  meningeal  artery  which  passes  through  the  fora- 
men ovale  can  scarcely  escape  division.  The  middle  menin- 
geal which  enters  the  foramen  spinosum  is  in  great  risk.  The 
trunk  of  the  nerve  and  the  larger  division  lie  under  cover  of 
the  external  pterygoid  muscle. 

The  internal  maxillary  artery  crosses  the  inferior  dental, 
gustatory,  and  buccal  nerves,  but  lies  below  the  main  trunk  of 
the  nerve.  In  forty  per  cent,  of  bodies  the  artery  passes 
beneath  the  lower  head  of  the  external  pterygoid  and  then 
emei-ges  between  that  head  and  the  upper  one.  The  extensive 
pterygoid  plexus  of  veins  lies  with  the  artery  over  the  muscle 
in  question. 


Fig.  G4. — m.-vr.RAM  of  the  third 

DIVISION  OF  THK  FIFTH  NERVE. 


F  0,  Foramen  ovale  (below  this  the 
motor  root  joins  the  nerve)  ;  F  s, 
Foramen  spinosum  ;  R,  Recurrent 
branch ;  A  T,  Auriculo-temp. 
nerve  ;  M  H,  Mylo-hyoid  nerve  ; 
I  D,  Inferior  dental  nerve ;  G, 
Gustatory  nerve ;  E  P,  External 
pteiygoid  branch ;  b,  Buccal 
nerve  ;  A  T,  Ant.  temporal  nerve  ; 
M  T,  Mid.  temporal  nerve  ;  M, 
IMasseteric  nerve  ;  P  t,  Post,  tem- 
jioral  nerve  ;  T  P,  Branch  to 
tensor  palati ;  T  T,  Branch  to 
tensor  tymjiani  ;  I  P,  Internal 
pteiygoid  branch. 
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Operation. — A  square  vertical  flap  is  cut  from  the  cheek. 
The  two  sides  of  the  flap  are  represented  by  two  vertical  lines 
which  are  parallel  with  the  anterior  and  posterior  borders  ot 
the  ascending  ranuis  of  the  jaw.  The  base  of  the  flap  is 
represented  by  a  transverse  line  joining  the  two  vertical  in- 
cisions about  half  way  down  on  the  ramus  of  the  jaw.  The 
free  end  of  the  flap  is  a  little  above  the  zygoma  (Fig.  65,  a).  The 
incisions  are  carried  down  to  the  bone  at  the  free  end  of  the 
flap.  The  zygomatic  arch  is  exposed  and  its  two  ends  are  sawn 
through.  The  piece  of  bone  is  turned  down  together  with  the 
massetcr  attached  to  it,  and  the  soft  parts  covering  the  upper 
part  of  the  rannis  of  the  jaw. 

Care  must  be  taken  not  to  damage  the  facial  nerve  nor  the 
parotid  duct,  both  of  which  are  below  the  base  of  the  flap. 
The  flap  is  drawn  forcibly  downwards  rather  than  dissected 
up.  After  the  bleeding  has  been  arrested  the  coronoid  process 
is  divided  and  with  the  attached  temporal  nuiscle  is  turned 
upwards.  The  upper  head  of  the  external  pterygoid  muscle 
is  separated  from  its  attachment  to  the  sphenoid,  and  the 
nerve  can  now  be  exposed  and  divided  with  scissors  {see 
Figs.  66  and  67). 

Comment — The  method  described  is  that  known  as 
Kronlein's.  The  operation  Avas  first  performed  by  Pancoast  of 
Philadelphia  some  twenty  years  ago,  and  has  been  many  times 
repeated.  Pancoast's  flap  was  made  from  below  upwards  and 
had  its  base  at  the  zygoma.  He  ligatured  the  internal 
maxillary  artery  and  entirely  removed  the  coronoid  process. 
The  haemorrhage  from  the  operation  wound  is  considerable, 
and  in  one  case  at  least  (Sutton's)  the  common  carotid  had  to 
be  tied  to  arrest  it. 

The  procedure  is  attended  with  much  risk,  and  involves 
considerable  damage  to  important  tissues.  It  has  not  been 
followed  in  all  instances  by  such  benefits  as  would  appear  to 
justif}'^  the  operation.  It  involves  paralysis  of  the  muscles  of 
mastication  upon  the  side  dealt  with,  paralysis  of  the  mylo- 
hyoid and  anterior  part  of  the  digastric,  and  probable  loss  of 
power  in  the  tensor  tympani  and  tensor  palati.  The  gustatory 
nerve  is  of  necessity  divided. 

2.  The  Inferior  Dental  Nerve. 

Anatomy. — This  nerve,  the  largest  branch  of  the  third 
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division  of  the  fifth,  descends  under  cover  of  the  external 
pterygoid  muscle,  passes  to  the  outer  side  of  the  internal 
pterygoid,  and  running  between  the  internal  lateral  ligament 
and  the  ramus  of  the  jaw,  enters  the  dental  foramen  (Figs.  6G 
and  67). 

This  foramen  is  surmounted  by  a  prominent  and  usually 
sharp  projection  of  bone,  the  lingula  or  spine  of  Spix.  To  its 
apex  is  attached  the 
internal  lateral  liga- 
ment of  the  jaw,  while 
below  and  behind  it  is 
the  groove  for  the 
mjdo-hyoid  nerve. 

The  internal  ptery- 
goid muscle  reaches  to 
the  base  of  the  lingula. 

The  nerve  is  ac- 
companied by  the  in- 
ferior maxillary  vessels 
which  lie  behind  and 
external  to  it. 

The  mternal  maxil- 
lary artery  passes  for- 
wards and  inwards  at 
some  distance  above 

the   dental    foramen.  y^..-::--^'--- 

The  gustatory  nerve  is  65. -a,  Neurotomy  of  third  division  of  fifth 

nearly  parallel  with  the  "erve  ;  b,  Removal  of  Meckel's  ganglion  ;  C,  Ex- 

.    „    .    ^    ,  .  posure  of  brachial  plexus ;  D,  Bxijosure  of  spinal 

inferior  dental,  but  is  accessory  nerve. 

anterior  and  internal 

to  it  and — as  viewed  from  the  mouth — is  superficial  to  it. 

Operation. — The  mouth  is  fixed  well  open  by  a  Mason's 
gag  applied  upon  the  opposite  side  or  by  a  Hutchinson's 
spring  mouth-prop  placed  between  the  incisor  teeth.  The 
cheek  upon  the  side  to  be  dealt  with  i^  held  open  by  means  ot 
two  blunt  hooks  which  are  so  drawn  upon  as  to  make  the 
opening  of  the  mouth  at  this  angle  as  wide  and  as  square  as 
possible.  If  the  tongue  be  in  the  way  it  may  be  drawn  aside 
with  tongue  forceps. 

A  good  light  is  essential,  and  the  best  is  that  given 
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by  a  small  electric  lamp  Avom  upon  the  forehead.  The 
surgeon  with  his  forefinger  defines  the  ascending  ramus  of 
the  jaw,  the  substance  of  the  internal  pterygoid  muscle,  and 
the  position  of  the  spine  of  Spix.  This  latter  point  is  more 
or  less  obscured  by  the  attachment  of  the  internal  lateral 
ligament.  If  the  tongue  be  drawn  upon  the  gustatory  nerve 
may  possibly  be  felt  beneath  the  mucous  membrane. 

The  mucous  membrane  is  now  incised  along  the  inner  side 
of  the  anterior  border  of  the  ascending  ramus  to  the  extent  of 
about  one  inch.  The  incision  is  vertical  and  is  carried  down 
to  the  bone. 

A  narrow  pointed  periosteal  elevator  is  now  used  to  detach 
the  mucous  membrane  from  the  jaw.  The  use  of  this  instru- 
ment may  be  supplemented  by  the  surgeon's  forefinger. 

The  spine  of  Spix  is  sought  for  and  must  be  clearly  defined. 
The  periosteum  must  not  be  detached  with  the  mucous 
membrane.  When  the  spine  of  bone  is  reached  the  internal 
lateral  ligament  may  be  divided  with  fine  straight  iris  scissors, 
the  utmost  caution  being  used. 

The  nerve  should  now  be  brought  into  view  and  be  drawn 
forwards  gently  with  a  small  blunt  hook  (Fig.  61).  Long-bladed 
dissecting  forceps  are  required  in  this  stage  of  the  operation. 
The  nerve  is  exposed  actually  as  it  is  entering  the  bone. 
Here  the  vessels  arc  in  close  contact  with  it.  A  little  higher 
up  they  are  removed  from  the  nerve.  The  inferior  dental 
should  therefore  be  exposed  to  the  extent  of  about  half  an  inch, 
and  be  divided  with  iris  scissors  high  up.  It  may  be  possible 
to  have  entirely  isolated  the  nerve  upon  the  blunt  hook,  which 
is  of  very  small  size.  If  the  operator  proceed  too  far  above 
the  dental  foramen  he  will  come  in  contact  with  the  internal 
maxillary  artery.  From  a  quarter  to  half  of  an  inch  of  the 
cord  can  be  excised.  The  higher  section  of  the  nerve  is  made 
first.    No  sutures  are  required  for  the  wound. 

Comvxent. — This  operation  is  very  difficult  and  very 
tedious.  It  is  not  so  readily  performed  as  is  the  procedure 
for  the  removal  of  Meckel's  ganglion.  The  great  depth  of  the 
wound,  the  narrowed  space  and  the  embarrassing  incidents 
Avhich  are  apt  to  attend  operations  within  the  mouth,  all 
contribute  to  the  difficulties  of  the  position.  The  gustatory 
nerve  may  be  mistaken  for  the  inferior  dental  if  the  dental 
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foramen  be  not  clearly  made  out.  It  may  be  damaged  also 
during  the  operation. 

Much  bleeding  may  follow  the  common  accident  of 
dividing  the  inferior  dental  artery.  In  one  case  (Dr.  Weir  of 
New  York,  Annals  of  Surgery,  June,  1887)  the  hiiemorrhage 


Fig.  66.— THE  THIRD  DIVISION  OF  THE  FIFTH  NERVE.    {After  Hirschf eld  and 

LeveilU). 

1,  Masseteric  nerve ;  2,  Posterior  temporal  nerve ;  3,  Buccal  nerve  ;  4,  Branch  to 
facial  nerve  ;  5,  Anterior  temporal  nerve  ;  6,  Middle  temporal  nerve  ;  7,  Auriculo- 
temporal nerve  ;  8,  Its  temporal  branches ;  9,  Inferior  dental  nerve  ;  10,  Mylo- 
hyoid nerve;  11,  Gustatory  nerve;  12,  Facial  nerve. 

was  very  free  and  was  supposed  to  come  from  the  internal 
maxillary.  The  nerve  may  be  ruptured  during  the  process  of 
exposure  by  being  roughly  drawn  upon. 

More  constitutional  disturbance  will  usually  follow  this 
operation  than  will  attend  the  operation  for  the  removal  of 
Meckel's  ganglion.    This  has  been  so  in  the  two  cases  in  which 
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I  have  performed  both  operations  (at  different  periods)  upon 
the  same  patient.  The  fauces  are  swollen,  the  jaw  is  stiff,  the 
tongue  is  swollen,  and  the  whole  face  aches.  The  mouth  must 
be  kept  constantly  washed  with  an  antiseptic  solution  (e.g., 
carbolic  acid  lotion,  1  in  GO  or  80). 
Otlier  Modes  of  Operating  : — 

Other  operations  employed  are  concerned  with  the 
exposure  of  the  nerve  from  the  face.  The  more  important  of 
them  are  briefly  described  by  MacCormac  in  the  following 
words :  "  Velpeau  reached  the  nerve  from  an  opening  made 
through  the  ascending  ramus  of  the  jaw,  Avhile  Kuhn  exposed 
it  from  below  after  resecting  a  portion  of  the  angle  of  the  jaw. 
Liicke  has  modified  Kuhn's  operation.  He  makes  an  mcision 
around  the  angle  of  the  jaw  corresponding  to  the  insertion  of 
the  masseter  muscle,  raises  the  soft  parts  from  the  internal 
siu-facc  with  an  elevator,  until  the  inferior  dental  nerve,  and  in 
front  of  it  the  lingual,  can  bo  felt  with  the  finger  ;  a  hook  is 
then  passed  round  the  nerve  just  as  it  enters  the  canal. 

"  If  the  nerve  is  to  be  reached  directly  through  the  inferior 
maxilla  (which  is  an  easy  and  direct  method)  a  curved 
incision,  convex  downwards,  about  two  inches  long,  must  be 
made  through  the  masseter  muscle  down  to  the  bone. 

"  When  this  is  exposed  the  periosteum  must  be  raised  so 
that  the  central  jjortion  of  the  ascending  ramus  is  laid  bare, 
and  the  detached  soft  parts  are  then  drawn  upwards.  In  this 
way  the  parotid  gland,  Stenson's  duct,  and  the  facial  nerve,  are 
preserved  from  injury.  According  to  Velpeau 's  procedure  the 
bone  over  the  opening  of  the  canal  is  removed  with  a  trephme. 
We  must  remember  in  using  this  instrument  that  the  jaw  is 
much  thicker  below  than  above  ;  and  hence  the  trephine  should 
be  laid  aside  when  the  upper  part  of  the  jaw  has  been  divided, 
and  the  rest  of  the  circle  of  bone  must  be  detached  by  means 
of  the  elevator  and  chisel.  If  care  be  not  taken,  the  artery  as 
well  as  the  nerve  may  be  cut  through  during  the  operation, 
and  the  bleedmg  is  sometimes  very  severe.  Linhart  makes  a 
vertical  incision  through  the  masseter  for  its  whole  length, 
and  detaches  it  on  each  side  from  the  bone,  together  with  the 
periosteum ;  he  then  cuts  away  the  external  table  of  the  bone 
with  a  chisel,  and  thus  exposes  the  canal  for  the  space  of  half 
an  inch,  and  resects  the  nerve. 
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"  The  nerve  may  be  likewise  exposed  by  cutting  out  a  V-  or 
U-shaped  piece  of  the  ascending  ramus  of  the  maxillary  bone, 
the  base  of  the  excised  portion  of  the  bone  being  at  the 
coronoid  notch,  and  the  apex  a  little  below  the  opening  of  the 
inferior  dental  canal.  The  coronoid  process  can  be  easily 
felt  from  within  the  mouth  when  the  jaw  is  depressed.  Its 
position  determined,  a  vertical  incision,  two  inches  long,  must 
be  made  through  the  integuments  over  the  middle  of  the 
ascending  ramus  of  the  jaw,  the  masse ter  is  sufficiently  dis- 
sected from  its  attachment  to  the  ramus,  and  the  periosteum 
is  detached  with  it. 

"  The  necessary  amount  of  bone  may  then  be  removed  with 
the  chisel,  or  by  means  of  a  cylindrical  drill,  half  an  inch  in 
length  and  the  same  in  diameter,  inserted  into  the  mandril  of 
a  powerful  surgical  engine.  By  it,  in  revolutions  to  the  extent 
of  5,000  times  in  a  minute,  the  nerve  is  quickly  laid  bare  at 
its  place  of  entrance  in  the  inferior  dental  foramen.  Next,  the 
opening  is  enlarged  until  the  internal  pterygoid  muscle  is  fairly 
exposed  to  view;  the  nerve  is  cut  below,  lifted  from  its  bed, 
and,  while  held  on  the  stretch,  may  be  isolated  up  to  the  point  of 
emergence  at  the  base  of  the  skull  by  the  handle  of  a  scalpel. 
Finally,  it  is  excised  with  a  pair  of  delicate  iris  scissors." 

Comment. — These  operations  are  more  easily  accomplished 
by  the  surgeon,  but  are  of  greater  gravity  to  the  patient,  and 
in  no  instance  can  the  difficulty  which  attends  the  intra- 
buccal  operation  be  made  an  excuse  for  selecting  one  of  these 
more  serious  procedures. 

These  operations  could/ only  be  justifiable  when,  for  one  or 
other  reason,  the  exposure  of  the  nerve  through  the  mouth  is 
impracticable. 

3.  The  Gustatory  Nerve. 

Anatomy. — The  gustatory  nerve  is  internal  and  anterior 
to  the  inferior  dental,  and  hes  between  the  internal  pterygoid 
muscle  and  the  internal  lateral  ligament.  It  is  curved,  with 
its  concavity  forwards,  and  lies  quite  superficially  between  the 
level  of  the  last  molar  and  the  angle  of  the  jaw  (Figs.  66 
and  67). 

Operation. — The  mouth  having  been  opened  and  the 
cheek  drawn  aside  as  in  the  previous  operation,  the  tongue  is 
drawn  forwards  and  towards  the  opposite  side. 
Q 
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With  the  fore-finger  the  surgeon  can  define  the  ramus  of 
the  jaw  and  the  pterygo-maxillary  hgament.  The  nerve  can 
usually  be  felt  beneath  the  mucous  membrane  behind  the 
last-named  ligament,  and  about  half  an  inch  behind  and 
below  the  last  molar  tooth. 

A  vertical  incision,  about  an  inch  in  length,  is  made 
through  the  mucous  membrane  over  the  nerve,  and  there- 
fore midway  between 
the  tongue  and  the 
gum,  and  at  the  level 
of  the  last  molar. 

The  nerve  is  ex- 
posed, is  drawn  for- 
wards by  means  of  a 
small  blunt  hook  (Fig. 
61),  and  some  half- 
inch  is  excised. 

Comment.  —  Sec- 
tion of  this  nerve  is 
frequently  carried  out 
to  relieve  the  pain  and 
the  watering  of  the 
mouth  in  cancer  of 
the  tongue.  The  nerve 
may  be  conveniently 
divided  in  the  neck  at 
the  same  time  that  the 
lingual  artery  is  being 
exposed  for  ligature. 
4.  The  Auriculo-Temporal  and  Buccal  Nerves. 
The  auriculo-temporal  nerve  may  be  exposed  by  a  short 
vertical  incision  as  it  crosses  the  base  of  the  zygoma,  im- 
mediately in  front  of  the  pinna  (Fig.  68).  The  nerve  is  here 
in  close  association  with  the  superficial  temporal  artery,  behind 
which  it  is  placed.  The  nerve  is  hardly  free  of  the  parotid 
gland  at  the  place  indicated. 

Of  the  buccal  nerve,  MacCormac  writes :  "  The  buccal 
nerve  may  be  found  from  within  the  mouth,  opposite  the 
middle  of  the  anterior  margm  of  the  ascending  ramus  of  the 
lower  jaw.     If  the  mucous  membrane  and  fibres  of  the 
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Fig.   67. — DISSECTION   OF    THE  THIRD  DIVISION  OF 

THE  FIFTH  NEEVE.    {Ellis's  Dissectiom). 

A,  Temporal  muscle ;  b,  Condyle  of  jaw ;  c,  Internal 
pterygoid;  D,  Buccinator;  e,  Masseter  ;  P,  In- 
ternal lateral  ligament ;  a,  Internal  maxillary 
artery  ;  1,  Buccal  nerve  ;  2,  Masseteric  nerve  ;  3, 
Temporal  nerve  ;  4,  Auriculo-temporal  nerve  ;  -o, 
Inferior  dental  nerve  ;  6,  Lingual  nerve. 
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buccinator  be  here  vertically  divided  and  the  tissues  separated 
with  a  dii-ector,  the  nerve  wiU  be  exposed."  This  operation 
mnst  be,  however,  somewhat  uncertain.  The  nerve  on 
reachino-  the  surface  of  the  buccinator  muscle  at  once  breaks 
up  into  a  number  of  fine  branches.  Some  of  these  go  to  the 
mucous  membrane  of  the  mouth;  others  form  a  kind  of 
plexus  on  the  cheek,  supply  the  skin,  and  effect  a  com- 
munication with  the  facial  nerve.  The  buccal  nerve  can 
hardly  be  regarded  as  a  single  well-defined  trunk  after  it  has 
come  into  relation  with  the  buccinator  muscle.  A  small 
artery  accompanies  the  nerve. 

THE  GASSERIAN  GANGLION. 

The  gasserian  ganglion  has  been  removed  by  Mr.  William 
Rose  in  two  cases  of  intractable  neuralgia  {Lancet,  Nov.  1, 
1890,  and  Feb.  7,  1891).    In  the  first  case  the  eye  suppurated 
and  was  excised.    The  operation  in  the  second  case  is  thus 
described:  The  patient  was  a  female  aged  sixty,  who  had 
suffered  for  many  years  from  severe  neuralgia,  affecting  chiefly 
the  superior  maxillary  nerve  on  the  right  side.  Chloroform 
was  given,  and  after  stitching  the  eyelids  together  on  that  side 
in  order  to  avoid  any  accidental  injury  to  the  eye,  a  flap  of 
skin  was  dissected  forward,  the  zygoma  was  exposed,  and,  after 
openings  had  been  drilled  with  an  electro-motor,  divided  and 
drawn  down  with  the  masseter  muscle.    The  coronoid  process 
of  the  lower  jaw  was  next  drilled  and  divided  in  a  similar 
manner,  and  turned  up  with  the  temporal  muscle  attached. 
The  external  pterygoid  muscle  was  then  cut  through,  and  the 
foramen  ovale  reached,  into  which  the  pin  of  a  half-inch 
trephine  was  inserted,  and  a  disc  of  bone  surrounding  it  in 
this  way  removed.    The  bleeding  was  troublesome,  and  per- 
sisted for  some  time.    The  ganglion  was  seized  by  some 
specially  constructed  hooks,  one  of  which  had  a  cutting  edge 
upon  its  concave  surface ;  by  means  of  these  its  attachments 
were  loosened  and  divided.    Perchloride  of  mercury  solution 
(1  in  3,000)  was  used  during  the  operation.    The  bones  which 
had  been  sawn  were  replaced  and  secured  in  position  by  wire 
sutures  passed  through  the  drill-holes  previously  made,  and  a 
drainage-tube  inserted.    Cyanide  gauze  dressing  was  applied. 
The  electric  illuminator  was  found  most  useful  during  the 
Q  2 
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deeijer  dissections.  The  patient  has  progressed  most  satis- 
factorily since  the  operation,  having  had  no  return  of  the 
neuralgic  pain,  although  it  is  impossible  to  say  at  present  that 
the  whole  of  the  ganglion  was  removed.  The  sutures  were  re- 
moved from  the  eyelids  on  the  third  day ;  the  eye  was  healthy, 
but  the  conjunctiva  insensitive.  Sufficient  time  has  not  yet 
elapsed  to  allow  of  an  opinion  being  formed  as  to  the  value 
of  this  severe  operation. 

THE  FACIAL  NERVE. 

This  nerve  has  been  stretched  close  to  its  point  of  exit 
from  the  stylo-mastoid  foramen  for  the  relief  of  facial  tic  (tic 
convulsif). 

Anatomy. — After  its  escape  from  the  stylo-mastoid  fora- 
men the  nerve  runs  downwards  and  forwards,  passing  beneath 
or  through  a  part  of  the  parotid  gland.  As  it  approaches  the 
ascending  ramus  of  the  jaw  it  breaks  up  into  its  two  terminal 
.  divisions.  The  nerve  is  here  exactly  parallel  with  the  upper 
margin  of  the  digastric  muscle. 

It  is  best  found  at  a  spot  about  a  quarter  to  half  an  inch 
in  front  of  the  centre  of  the  anterior  border  of  the  mastoid 
process.  It  is  here  about  half  an  inch  from  the  stylo-mastoid 
foramen,  has  already  given  off  its  posterior  auricular  branch, 
and  is  about  to  give  off  its  styloid  branch  (Figs.  63  and  66). 

Operation. — An  incision  is  commenced  close  behind  the 
pinna,  and  on  a  level  with  the  auditory  meatus.  It  is  carried 
downwards  and  forwards  to  a  point  immediately  below  the 
lobule,  and  is  then  prolonged,  in  a  direction  slanting  forwards, 
nearly  to  the  angle  of  the  jaw. 

A  small  incision  transverse  to  this  is  made  just  below  the 
]>inna.  The  two  small  flaps  thus  marked  out  are  retracted. 
The  fascia  is  divided,  and  the  anterior  edge  of  the  sterno- 
mastoid  and  the  parotid  gland  are  exposed.  The  muscle  is 
drawn  backwards  and  the  gland  forwards  by  means  of  suit- 
able retractors. 

The  posterior  belly  of  the  digastric  is  next  exposed,  and 
the  surgeon,  keeping  to  the  upper  margin  of  the  muscle, 
seeks  for  the  nerve  at  the  point  already  indicated. 

The  nerve  is  raised  and  stretched  by  means  of  a  small 
blunt  hook.    The  amount  of  force  employed  is  estimated 
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at  4  to  5  lbs.  It  is  not  sufficient  to  raise  the  patient's 
head. 

Some  fibres  of  the  great  auricular  nerve  which  cross  the 
trunk  of  the  facial  will  be  divided. 

The  posterior  auricular  vein  crosses  the  line  of  the  opera- 
tion, and  will  probably  need  to  be  divided  and  ligatured.  The 
companion  artery,  if  exposed,  should  be  drawn  downwards. 

To  avoid  needless  injury  and  disturbance  of  parts,  Dr.  Keen 
{Trans,  of  the  Ar.ier.  Surg.  Assoc.,  vol.  iv.,  1886)  advises  the  use 
of  a  weak  faradic  current.  A  wet  sponge  connected  with  one 
electrode  is  held  to  the  cheek,  and  a  fine  wire  connected  Avith 
the  other  is  applied  to  various  points  in  the  wound  till  the 
nerve  is  found.  The  same  author  advises  that  the  nerve  be 
stretched  centripetall}^,  and  that  the  amoimt  of  force  em- 
ployed be  only  limited  by  the  strength  of  the  nerve,  the 
stretching  being  discontinued  the  moment  any  fibres  give 
wa}^ 

Comment. — This  operation  is  that  known  as  Baum's.  It 
is  described  and  illustrated  by  Godlee  in  the  Clinical  Society 
Transactions,  vols.  xiv.  and  xvi. 

Mr.  Godlee  points  out  that  the  operation  is  difficult  in 
muscular  subjects,  but  is  comparatively  easy  in  thin  patients. 
He  urges  the  use  of  a  good  light,  of  good  retractors,  and  of 
vigorous  sponging. 

The  result  of  the  operation  has  on  the  whole  not  been 
very  encouraging.  Dr.  Keen  {loc.  cit.)  has  collected  twenty- 
one  reported  examples  of  the  operation.  In  all  the  facial 
paralysis  produced  disappeared  in  a  few  days,  weeks,  or 
months.    The  results  are  as  follows : 

Relief  for  less  than  7  days  

Eelief  for  3  to  12  weeks .       .       .  r.  

Relief  for  12  weeks  to  12  months  

Relief  for  periods  of  a  year  or  more  or  up  to  the  time  of  the  report 
Cases  not  completed  ......... 

Mr.  Godlee  writes  :  "  In  discussing  the  question  of  recom- 
mending the  operation  to  a  patient,  we  must  not  forget  that 
the  risk,  with  due  care,  is  almost  nil ;  that  a  certain  immunity 
from  the  trouble  may  be  safely  promised  for  a  time,  and  while 
Southam's  remarkable  case  remains  completely  well  (more 
than  five  years  after  the  operation)  there  is  always  the  hope 
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that  the  rehef  may  be  permanent.  Were  it  not  for  this,  how- 
ever, I  am  afraid  that  the  general  verdict  would  be  that  the 
time  has  come  when  this  small  chapter  of  surgical  therapeutics 
must  be  closed." 

THE  BRACHIAL  PLEXUS  IN  THE  NECK. 

This  plexus— formed  by  branches  from  the  four  lower 
cervical  and  the  greater  part  of  the  first  dorsal  nerves- 
lies  between  the  anterior  and  middle  scalene  muscles,  and 
crosses  the  floor  of  the  posterior  triangle  of  the  neck.  Tlie 
plexus  is  of  triangular  outline,  the  base  being  at  the  spine, 
and  the  apex  to  the  outer  side  of  the  subclavian  artery  below 
the  clavicle.  In  thin  subjects,  when  the  shoulder  is  de- 
pressed and  the  head  turned  to  the  opposite  side,  some  cords 
of  the  plexus  can  be  felt  through  the  skin. 

Operation. — The  position  of  the  patient  should  be  the 
same  as  is  'assumed  in  ligaturing  the  third  part  of  the  sub- 
clavian artery  {see  page  139). 

The  plexus  may  be  reached  by  a  vertical  incision,  some 
three  inches  in  length,  which,  commencing  about  half  an 
inch  above  the  centre  of  the  clavicle,  is  continued  upwards 
through  the  lower  part  of  the  posterior  triangle.  The  wound 
will  be  parallel  with  the  anterior  border  of  the  trapezius,  and 
will  be  but  little  removed  from  the  sterno-mastoid  muscle 
(Fig.  65,  c). 

The  integument  and  platysma  having  been  divided,  the 
external  jugular  vein  must  be  sought  for,  secured  between  two 
ligatures,  and  severed.  It  is  possible  that  in  some  instances 
the  vein  may  be  left  untouched,  and  may  be  merel}'^  drawn 
downwards  and  inwards  out  of  the  way.  The  supra-clavicular 
branches  of  the  cervical  plexus  will  be  encountered. 

The  deep  cervical  fascia  must  in  the  next  place  be  divided 
in  the  full  length  of  the  incision. 

If  the  finger  be  now  introduced  into  the  depths  of  the 
triangle'  the  cords  of  the  plexus  will  be  felt,  and  can  be 
exposed  by  a  little  careful  dissection.  The  clear  outer  border 
of  the  anterior  scalene  muscle  should  be  defined.  The  omo- 
hyoid muscle  will  be  exposed  in  the  lower  part  of  the  incision, 
<tnd  should — if  necessary — be  drawn  downAvards. 
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The  superficial  cervical  artery  and  vein  cross  the  plexus 
transversely  about  its  middle,  and  must  be  carefully  sought 
for  and  protected.  If  the  finger  be  passed  along  the  plexus  to 
the  interval  between  the  anterior  and  middle  scalene  muscles 
thei'e  is  no  difficulty  in  identifying  any  particular  cord. 

BRANCHES  OF  THE  CERVICAL  PLEXUS. 

The  sensory  branches  of  this  plexus  are  readily  reached 
by  an  incision  about  one  and  a  half  or  two  inches  in  length, 
which  is  placed  over  the  posterior  border  of  the  sterno- 
mastoid  muscle  and  at  such  a  height  in  the  posterior  triangle 
that  the  centre  of  the  incision  will  correspond  to  the  centre  of 
the  muscle. 

The  position  of  the  chief  superficial  nerves  of  the  neclc 
may  be  fairly  indicated  by  six  lines  all  drawn  from  the  centre 
of  the  posterior  margin  of  the  sterno-mastoid. 

A  line  drawn  forwards  from  this  spot  so  as  to  cross  the  sterno- 
mastoid  at  right  angles  to  its  long  axis,  corresponds  to  the 
superficial  cervical  nerve.  A  second  line  drawn  upwards 
across  the  muscle  to  the  back  of  the  pinna,  so  as  to  run  parallel 
with  the  external  jugular  vein,  corresponds  to  the  great 
auricular  nerve  :  and  a  third  line,  running  along  the  posterior 
border  of  the  sterno-mastoid  muscle  to  the  scalp,  marks  the 
course  of  the  small  occipital  nerve.  These  lines,  continued 
downwards,  so  as  to  cross  the  sternum,  the  middle  of  the 
clavicle,  and  the  acromion,  will  indicate  lespectively  the  supra- 
sternal, supra-clavicular,  and  supra-acromial  nerves. 

THE  SPINAL  ACCESSORY  NERVE. 

Stretching,  neurotomy,  and  neurectomy  of  this  nerve  have 
been  performed  for  the  relief,  of  spasmodic  torticollis  of  an 
intractable  form.  The  first  two  operations  have  been  attended 
only  by  temporary  relief,  the  last  named  with  a  very  fair 
degree  of  success. 

Anatomy. — The  spinal  section  of  the  nerve  leaves  the 
foramen  lacerum  posterius  with  the  pneumo-gastric,  and  in 
the  same  sheath  with  it.  It  then  passes  downwards  and  back- 
wards across  the  front  of  the  internal  jugular  vein  and 
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beneatli  the  digastric  and  stylo-hyoid  muscles  and  the 
occipital  artery.  When  clear  of  the  digastric  it  enters  the 
deep  part  of  the  sterno-mastoid  at  its  upper  fourth  at  a  point 
about  two  inches  below  the  tip  of  the  mastoid  process  in  a 
vertical  line.  It  traverses  the  muscle  in  its  second  fourth, 
and  emerges  from  beneath  it  at  a  point,  on  a  level  with  the 
centre  of  its  posterior  border.  Crossing  the  posterior  triangle 
obliquely,  the  nerve  passes  beneath  the  anterior  border  of  the 
trapezius  muscle  at  about  the  upper  part  of  its  lower  third, 
and  is  lost  in  the  muscular  tissue.  Just  below  the  skull  the 
course  of  the  nerve  is  represented  roughly  by  a  line  drawn  at 
right  angles  to  another  line  which  passes  from  the  tip  of  the 
mastoid  to  the  angle  of  the  jaw. 

Operation. — The  shoulders  are  raised,  the  head  is 
thrown  a  little  baclv,  and  the  face  is  turned  to  the  opposite 
side. 

An  incision  three  inches  in  length  is  made  along  the 
anterior  border  of  the  sterno-mastoid  muscle,  commencing 
above  at  the  tip  of  the  mastoid  process.  The  skin  and  super- 
ficial tissues  havinsr  been  divided,  the  anterior  border  of  the 
muscle  is  exposed  and  the  cervical  fascia  freely  opened 
(Fig.  65,  D). 

The  neck  being  relaxed  a  little,  the  sterno-mastoid  is  then 
drawn  forcibly  backwards  by  an  angular  steel  retractor.  This 
will  serve  to  put  the  nerve  upon  the  stretch  and  to  bring  it  a 
little  nearer  to  the  surface. 

On  careful  examination  with  the  finger  the  nerve  may 
usually  be  felt  at  this  stage.  The  best  guide  to  its  position  is 
the  conspicuous  transverse  process  of  the  atlas,  since  the 
nerve  crosses  almost  directly  over  that  process  of  bone.  The 
inferior  border  of  the  digastric  muscle  should  be  defined,  and 
passing  from  beneath  the  digastric  to  the  sterno-mastoid  across 
the  site  of  the  atlantoid  process  the  nerve  can  readily  be 
exposed  by  a  little  dissection. 

Comment. — Although  the  nerve  is  very  deeply  placed  in 
its  course  from  the  foramen  lacerum  to  the  sterno-mastoid  the 
operation  is  not  difficult.  The  exposure  of  the  spinal  accessory 
in  the  posterior  triangle  is  a  simpler  proceeding,  but  of  very 
limited  apphcability,  as  division  of  the  nerve  will  aflfect  the 
trapezius  only.    Mr.  Campbell  de  Morgan  {Brit,  and  For.  Med. 
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Chir.  Rev.,  1S8G)  exposed  the  nerve  in  the  posterior  triangle, 
and  then  followed  it  up  beneath  the  sterno-mastoid  until  he 
was  enabled  to  divide  the  sterno-mastoid  portion  of  the  nerve. 
The  operation  was  very  successful.  Mr.  Jacobson  ("The 
Operations  of  Surgery,"  page  461)  performed  the  same  opera- 
tion, but  with  a  less  satisfactory  result.  Mr.  J acobson  is  in 
favour  of  dividing  the  nerve  above  the  sterno-mastoid,  regard- 
ing it  as  more  certain  and  not  really  more  difficult. 

An  interesting  paper  by  Mr.  Ballance  upon  this  operation 
will  be  found  in  the  fourteenth  volume  of  the  St.  Thomas's 
HosjDital  reports. 

THE  PO.STERIOR  CERVICAL  NERVES. 

Dr.  Keen  (Annals  of  Surgery,  3 mx.,  1891)  advises  the  divi- 
sion or  excision  of  the  nerves  supplying  the  posterior  rotator 
muscles  of  the  head  in  certain  cases  of  spasmodic  wry-neck. 
The  nerves  concerned  are  the  posterior  divisions  of  the  first 
three  cervical  nerves.  Dr.  Keen  has  performed  the  operation 
once  only.  The  steps  of  the  procedure  are  detailed  as  follows : 
Make  a  transverse  incision  about  half  an  inch  below  the  level 
of  the  lobule  of  the  ear,  from  the  middle  line  of  the  neck 
posteriorly.  This  incision  should  be  two  and  a  half  to  three 
inches  long.  Divide  the  trapezius  transversely,  and  find  the 
occipitalis  major  nerve  as  it  emerges  from  the  complexus  and 
enters  the  trapeziiis.  In  the  comj^lexus  is  an  intra-muscular 
aponeurosis.  The  nerve  emerges  from  the  complexus  at  a 
point  between  this  aponeiirosis  and  the  middle  line,  usually 
about  half  an  inch  below  the  incision,  but  sometimes  higher 
up,  and  then  enters  the  trapezius. 

Divide  the  complexus  transversely  at  the  level  of  the 
nerve.  Dissect  the  nerve  down  where  it  arises  from  the 
posterior  division  of  {he  second  cervical.  Resect  a  portion  of 
the  posterior  division  before  the  occipitahs  major  arises  from 
it,  so  as  to  include  the  filament  to  the  inferior  oblique  muscle. 
This  divides  the  second  cervical. 

Define  the  inferior  oblique  muscle  by  following  the  sub- 
occipital nerve  towards  the  spine. 

Define  the  sub-occipital  triangle.  In  this  triangle  lies  the 
sub-occipital.  It  should  be  traced  do"WTi  to  the  spine  itself, 
and  be  resected.    This  divides  \hG  first  cervical. 
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An  inch  lower  down  than  the  occipitahs  major,  and  under 
the  complexus,  is  the  external  branch  of  the  posterior  division 
of  the  third  cervical  to  the  splenius.  When  found,  it  is  to  be 
divided  close  to  the  bifurcation  of  the  main  trunk.  This 
divides  the  third  cervical. 
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CHAPTER  III. 
Operations  upon  the  Nerves  of  the  Upper  Extremity. 

1.  the  median  nerve. 

Anatomy.  —  This  nerve  is  superlicially  placed  in  the  arm 
and  at  the  wrist,  but  has  a  deep  course  in  the  forearm.  In  the 
arm,  it  is  in  close  relation  with  the  brachial  arterj^,  ly^^?  '^^^ 
outer  side  above,  crossing  it  about  the  middle  of  its  course, 
and  lying  to  its  inner  side  at  the  bend  of  the  elbow.  In  the 
forearm  the  median  lies  in  the  middle  of  the  limb,  between 
the  deep  and  siiperticial  flexors  of  the  fingers.  At  the  wrist  it 
can  easily  be  made  out  between  the  tendons  of  the  flexor 
carpi  radialis  and  the  palmaris  longus. 

Operations. — (a)  In  the  arm  the  nerve  can  be  exposed 
through  such  an  incision  as  is  employed  to  secure  the  brachial 
artery,  e.g.,  in  the  middle  of  the  arm  (page  126). 

(6)  At  the  wrist  it  is  readily  exposed  through  an  incision 
about  one  inch  and  a  half  in  length  which  is  parallel  with  the 
tendon  of  the  flexor  carpi  radialis  and  close  to  its  ulnar  side. 
A  superficial  vein  or  so  may  be  cut,  the  fascia  is  divided,  and 
the  nerve  can  at  once  be  brought  into  view. 

2.  THE  ULNAR  NERVE. 

Anatomy. — The  ulnar  nerve  is  superficial  in  the  arm, 
being  covered  only  by  the  skin  and  fascia.  It  follows  at 
first  the  line  of  the  brachial  artery,  lying  to  the  inner  side  of 
that  vessel.  It  is  then  represented  by  a  line  drawn  from 
the  inner. side  of  the  artery  about  the  level  of  the  insertion 
of  the  coraco-bracliialis  to  the  gap  between  the  inner  condyle 
and  the  olecranon.  In  this  latter  part  of  its  course  in  the 
arm  it  is  accompanied  by  the  inferior  profunda  artery,  which 
lies  to  its  outer  side.    It  passes  betAveen  the  tAvo  heads  of  the 
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flexor  carpi  iilricaris,  and  runs  under  cover  of  that  muscle  a 
straight  course  to  the  wrist. 

In  the  upper  two-thirds  of  the  forearm  it  is  deeply  placed ; 
but  in  the  lower  third  it  is  superficial,  having  the  tendon  of 
the  flexor  carpi  ulnaris  on  its  inner  side  and  the  ulnar  artery 
on  its  outer  side.  It  crosses  the  anterior  annular  ligament 
between  the  pisiform  bone  and  the  ulnar  artery. 

The  dorsal  branch  to  the  hand  leaves  the  trunk  some  two 
or  three  mches  above  the  wrist. 

At  the  elbow  the  nerve  has  been  found  passing  in  front  of 
the  internal  condyle. 

Oj^ercUions. — (a)  Above  the  centre  of  the  arm  the  nerve 
may  be  exposed  by  an  incision  parallel  to  the  line  of  the 
brachial  artery  and  half  an  inch  to  the  inner  side  of  it.  In 
exposing  the  nerve  care  must  be  taken  to  avoid  injury  to  the 
venae  comites  of  the  brachial  artery,  the  nerve  of  Wrisberg,  and 
the  ulnar  collateral  nerve,  all  of  which  are  in  near  association 
with  the  trunk  sought  for. 

(6)  The  ulnar  nerve  is  very  conveniently  exposed  just 
above  the  internal  condyle.  The  incision  should  be  about  one 
inch  and  three-quarters  in  length  and  should  lie  u23on  the 
line  for  the  nerve  alread}''  given.  The  cut  should  extend  to 
AV'ithin  about  hidf  an  inch  of  the  internal  condyle.  The  nerve 
is  found  to  lie  along  the  back  of  the  internal  intcr-muscular 
septum  with  the  inferior  profunda  artery  which  is  placed  to  its 
outer  side. 

(c)  Just  above  the  wrist  the  nerve  may  be  exposed  by . 
means  of  an  incision  one  inch  and  a  half  long  made  parallel  to 
the.  tendon  of  the  flexor  carpi  ulnaris  and  just  to  its  outer  side. 
After  the  integuments  and  fascia  have  been  divided  the  nerve 
is  brought  at  once  into  view,  the  artery  lying  to  its  radial  side. 

3.  THE  MUSCULO-SPIRAL  NERVE. 

Anatomy. — Commencing  behind  the  axillary  vessels  this 
nerve  runs  backwards  into  the  musculo-spiral  groove,  accom- 
panied by  the  superior  profunda  artery;  on  reaching  the  outer 
side  of  the  limb  it  pierces  the  external  inter-nuiscular  septum, 
about  midway  between  the  insertion  of  the  deltoid  and  the  tip 
of  the  external  condyle,  and  descending  between  the  supinator 
longus  and  the  brachialis  anticus  divides  about  the  level  of 
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the  outer  condyle  into  the  radial  and  posterior  interosseous 
nerves.  The  superior  profunda  artery  on  reaching  the  outer 
side  of  the  humerus  breaks  up  into  two  branches,  the  larger 
of  which  descends  along  the  back  of  the  inter-muscular 
septum  to  reach  the  outer  condyle,  while  the  smaller  follows 
the  nerve  into  the  groove  between  the  supinator  longus  and 
brachialis  muscles. 

The  nerve  above  the  point  at  which  it  pierces  the  inter-mus- 
cular septum  will  have  given  oft'  the  nerve  to  the  long  head  of 
the  triceps,  the  posterior  internal  cutaneous,  the  branches  to 
the  inner  and  outer  heads  of  the  triceps  and  to  the  anconeus 
and  the  posterior  external  cutaneous. 

In  the  groove  between  the  supinator  longus  and  the  bra- 
chialis anticus,  it  gives  ofi'  branches  to  both  those  muscles, 
to  the  extensor  carpi  radialis  longior  and  to  the  elbow-joint. 

Operation. — The  nerve  is  most  conveniently  exposed  at  the 
point  at  which  it  gains  the  outer  side  of  the  arm.  The  elbow 
is  flexed  and  the  arm  carried  a  little  across  the  patient's  thorax. 

An  incision,  from  two  to  two  and  a  half  inches  in  length,  is 
made  obliquely,  across  the  outer  surface  of  the  arm  at  its 
lower  third. 

The  centre  of  the  incision  is  made  to  correspond  to  a  point 
midway  between  the  insertion  of  the  deltoid  and  the  external 
condyle,  and  its  obliquity  is  so  determined  that  the  lower  part 
of  the  incision  will  follow  the  line  of  the  upper  border  of  the 
supinator  longus. 

The  skin  and  fascia  having  been  divided,  the  surgeon  with 
his  forefinger  seeks  for  the  nerve  as  it  lies  close  to  the  bone, 
piercing  the  inter-muscular  septum,  and  about  to  cross  the 
upper  limit  of  the  supinator  muscle. 

If  the  fibres  of  this  muscle  be  exposed  the  position  of  the 
nerve  can  be  more  readily  determined. 

The  supinator  muscle  may  be  drawn  outwards  so  as  to  de- 
monstrate the  groove  between  it  and  the  brachialis  anticus. 
The  nerve  may  be  carefully  separated  from  the  companion 
artery  and  drawn  forwards  by  means  of  a  blunt  hook. 
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CHAPTER  IV. 
Operations  upon  the  Nerves  of  the  Lower  Extremity. 

1.  THE  great  sciatic  NERVE. 

Anatomy.  —  This,  the  largest  nerve  in  the  body,  extends 
from  the  lower  border  of  the  pyriformis  muscle  to  a  point  a 
little  below  the  middle  of  the  thigh,  where  it  separates  into  its 
two  divisions,  internal  and  external  popliteal. 

It  rests  upon  the  external  rotators  of  tlie  hip  and  upon  the 
adductor  magnus.  It  is  covered  behind  by  the  gluteus  maxi- 
mus  and  the  hamstring  muscles. 

It  lies  in  the  hollow  between  the  great  trochanter  and  the 
tuber  ischii,  being  a  little  nearer  to  the  latter  than  to  the 
former  process  of  bone.  The  small  sciatic  nerve  lies  in  the 
same  line  as  the  great  cord  but  superficial  to  it.  The  comes 
nervi  ischiadici  accompanies  the  great  sciatic. 

The  bifurcation  of  the  nerve  may  take  place  at  any 
point  between  the  sacral  plexus  and  the  lower  third  of  the 
thio-h. 

The  "  fold  of  the  buttock  "  is  considerably  above  the  level 
of  the  lower  border  of  the  gluteus  maximus,  Avith  which  there- 
fore it  does  not  correspond.  When  the  hip  is  fully  extended, 
as  in  the  erect  posture,  the  buttocks  are  round  and  pi-ominent, 
the  gluteal  fold  is  transverse  and  very  distinct.  When  the  hip 
is  a  little  Hexed,  the  buttocks  become  flattened,  the  gluteal 
fold  becomes  oblique  and  to  a  large  extent  disappears. 

Operation. — The  nerve  is  most  accessible  for  stretching  if 
exposed  at  the  lower  border  of  the  gluteus  maximus  muscle, 
just  as  it  is  leaving  the  hollow  between  the  tuber  ischii  and 
the  great  trochanter.  This  corresponds  to  its  most  superficial 
part. 

The  patient  should  be  turned  sufficiently  over  upon  the 
face  to  enable  the  buttock  to  be  exposed  and  the  thigh  to  be 
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extended.  A  vertical  incision,  four  inches  in  length,  is  then 
made  in  the  course  of  the  nerve. 

The  incision  should  commence  over  the  gluteal  fold,  and 
should  be  exactly  opposite  to  the  middle  of  the  interval  be- 
tween the  tuber  ischii  and  the  great  trochanter.  If  the  wound 
be  made  nearer  to  the  tuber  there  is  an  increased  difficulty  in 
displacing  the  hamstring  muscles. 

The  centre  of  the  incision  will  about  correspond  to  the  free 
lower  margin  of  the  gluteus  maximus. 

The  skin  and  fascia  having  been  divided,  the  small  sciatic 
nerve  and  a  few  cutaneous  arteries  will  be  encountered.  The 
quantity  of  the  subcutaneous  fat  may  be  considerable. 

The  lower  border  of  the  gluteus  maximus  should  be  clearly 
exposed  as  it  runs  obliquely  downwards  and  outwards. 

The  edge  of  this  muscle  must  be  drawn  upwards  by  means 
of  a  strong  and  somewhat  broad  retractor. 

The  finger  introduced  into  the  wound  will  now  encounter 
the  hamstring  muscles  a  little  below  their  origin  from  the 
tuber  ischii.  These  muscles  should  all  be  drawn  inwards, 
their  fibres  having  been  first  relaxed  by  bending  the  knee. 
They  are  retained  in  position  by  another  strong  and  broad 
retractor. 

The  nerve  should  now  be  readily  discovered  and  brought 
into  view. 

2.  THE  INTERNAL  POPLITEAL  NERVE. 

This  nerve,  the  larger  of  the  two  divisions  of  the  great 
sciatic,  continues  the  direction  of  the  main  trunk,  passes 
through  the  middle  of  the  popliteal  space,  and  at  the  lower 
margin  of  the  popliteus  muscle  ends  as  the  posterior  tibial 
nerve. 

The  internal  popliteal  can  be  very  conveniently  reached 
through  the  incision  made  for  ligaturing  the  lower  part  of  the 
popliteal  artery  (page  18G). 

3.  THE  EXTERNAL  POPLITEAL  NERVE. 

Anatomy. — The  external  popliteal  or  peroneal  nerve  follows 
the  outer  side  of  the  popliteal  space,  lying  close  to  the  biceps. 
Passing  over  the  outer  head  of  the  gastrocnemius,  between  it 
and  the  biceps,  the  nerve  reaches  the  neck  of  the  fibula,  and 
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crosses  that  bone  beneath  the  fibres  of  the  peroneus  longus 
muscle. 

The  nerve  may  be  easily  felt,  when  the  knee  is  a  little 
flexed,  as  a  loose  rounded  cord,  lying  just  behind  the  biceps 
tendon,  as  it  nears  the  head  of  the  fibula. 

Operation. — The  patient  lies  upon  the  sound  side  with  a 
sufficient  tending  to  the  prone  position  to  well  expose  the 
outer  aspect  of  the  knee. 

The  knee-joint  is  extended.  An  incision,  one  inch  and  a 
half  in  length,  is  made  parallel  with  and  immediately 
posterior  to  the  tendon  of  the  biceps.  The  cut  should  be  so 
placed  that  its  upper  half  is  in  relation  with  the  tendon  while 
its  lower  half  is  over  the  fibula.  The  skin  and  deep  fascia 
having  been  divided  the  biceps  tendon  is  exposed. 

The  knee  should  now  be  a  little  flexed  and  the  nervo 
sought,  close  to  the  point  at  which  the  tendon  reaches  the  head 
of  the  fibula. 

A  narrow  and  unduly  prominent  ilio-tibial  band  has  been 
mistaken  for  the  biceps  tendon. 

4.  THE  ANTERIOR  CRURAL  NERVE. 

This  large  nerve  descends  into  the  tliigli  in  the  groove 
between  the  psoas  and  iliacus  muscles,  and  almost  immediately 
below  Poupart's  ligament  becomes  flattened  out  and  breaks  up 
into  numerous  branches.  The  nerve  is  separated  from  the 
artery  by  the  psoas  muscle. 

A  vertical  incision,  two  inches  m  length,  should  be  made 
in  the  course  of  the  nerve,  and  should  commence  a  little  above 
Poupart's  ligament.  In  the  superficial  tissues  of  the  region 
the  crural  branch  of  the  genito-crural  may  be  met  with  and  the 
superficial  circumflex  iliac  vessels  will  cross  the  line  of  the 
wound.  The  fascia  lata  having  been  divided  and  the  hip  a 
little  flexed,  so  as  to  relax  the  muscles,  the  nerve  will  be  found 
without  difficult}^  The  edge  of  the  sartorius  muscle  need  not 
be  exposed. 

5.  THE  INTERNAL  SAPHENOUS  NERVE. 

Anatomy. — This  nerve  can  be  most  conveniently  reached 
at  the  inner  side  of  the  knee  opposite  to  the  inner  tuberosity 
of  the  tibia.    When  the  long  saphenous  nervo-  leaves  the 
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femoral  vessels  it  passes  beneath  the  sartorius  to  the  inner 
side  of  the  knee,  accompanied  by  the  superficial  branch  of  the 
anastomotica  magna  artery.  Near  the  inner  condyle  of  the 
femur  the  nerve  gives  ofi*  its  patellar  branch,  which  becomes 
cutaneous  by  piercing  the  fascia  in  front  of  the  internal 
saphenous  vein.  The  trunk  becomes  superficial  opposite  to 
the  tibial  tuberosity  by  piercing  the  fascia  at  the  posterior 
border  of  the  sartorius. 

Operation. — An  incision,  about  one  inch  and  a  half  in 
length,  made  along  the  posterior  margin  of  the  sartorius 
opposite  to  the  tuberosity  of  the  tibia,  should  bring  the  nerve 
into  view. 

The  vein  is  an.  excellent  guide  to  it,  and  as  a  rule  the  nerve 
will  be  found  to  be  just  posterior  to  the  vein. 

If  the  incision  be  made  higher  up,  the  patellar  branch  of 
the  nerve — which  lies  in  front  of  the  vein — may  be  mistaken 
for  the  main  trunk. 

At  the  site  of  the  operation  some  cutaneous  arteries  derived 
from  the  anastomotic  will  usually  be  found  with  the  nerve. 

The  nerve  is  quite  superficial  at  this  point. 

The  vein  when  exposed  should  be  gently  drawn  inwards. 
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GENERAL  CONSIDERATIONS. 

CHAPTEK  I. 

The  History  of  the  Operation. 

The  slow  development  of  methods  for  amputating  limbs  is 
one  of  tlie  most  remarkable  features  in  the  history  of  surgery. 

The  conspicuous  part  which  amputations  play  in  prac- 
tice, and  the  prominent  position  they  assume  among  surgical 
operations,  render  this  circumstance  especially  noteworthy. 

The  removal  of  a  limb  by  what  may  be  termed  a  reason- 
able operation  is  a  matter  belonging  only  to  comparatively 
recent  times,  and  the  majority  of  the  procedures  now  in  use 
can  claim  no  greater  antiquity  than  pertains  to  the  last  cen- 
tury or  to  the  present. 

For  some  hundreds  of  years  amputation,  so  called,  was 
limited  merely  to  the  removal  of  gangrenous  limbs  by  cutting 
through  the  dead  part.  j 

The  difficulty  in  the  wa^  of  the  development  of  the  opera- 
tion was  the  ignorance  of'  any  certain  means  of  controlling 
and  arresting  haemorrhage. 

It  is  from  the  time  of  the  introduction  of  ligatures  for 
bleeding  vessels  and  the  invention  of  the  tourniquet  that  the 
operation  of  amputation  may  be  considered  to  date. 

Hippocrates,  "  the  Father  of  Medicine,"  who  flourished 
some  four  hundred  years  before  the  Christian  era,  had  no 
conception  of  amputation  of  a  hrab  as  a  surgical  procedure. 

The  matter  is  alluded  to  in  his  account  of  gangrene  of  the 
extremities.  "  Those  parts  of  the  body,"  he  writes,  "  which 
are  below  the  boundaries  ol  the  blackening  are  to  be  removed 
B  2 
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at  the  joint,  as  soon  as  they  are  fairly  dead  and  have  lost 
their  sensibility ;  care  being  taken  not  to  wound  any  living 
part ;  for  if  the  part  which  is  cut  off  gives  pain,  and  if  it 
should  prove  not  to  be  quite  dead,  there  is  great  danger 
lest  the  patient  may  swoon  away  from  the  pain,  and  such 
swoonings  often  are  immediately  fatal." 

For  many  centuries  this  represented  the  whole  of  the  art 
and  science  of  amputations. 

Galen  (a.d.  131 — 200),  who  wrote  some  five  hundred  years 
after  the  death  of  Hippocrates,  had  nothing  to  add  to  the 
teaching  of  the  Father  of  Medicine. 

Before  the  time  of  Galen,  however,  there  lived  in  Rome, 
in  the  early  years  of  the  first  century,  the  remarkable  surgeon 
Aurelius  Cornelius  Celsus,  the  contemporary  of  Horace,  Virgil, 
and  Ovid.  Celsus  is  the  first  writer  who  describes  a  definite 
amputation  method.  He  operated  by  what  is  now  known  as 
the  circular  plan,  but  no  account  remains  to  tell  of  his 
successes  or  his  failures. 

He  does  not  appear,  however,  to  have  influenced  surgical 
practice.  Those  who  followed  him  returned  to  the  teaching 
of  Hippocrates.  The  Celsian  operation  was  lost,  and  it  is 
evident  that  the  circular  amputation  of  recent  times  can 
claim  no  direct  connection  with  the  invention  of  the  Roman 
surgeon. 

His  description  of  the  operation  is  in  the  following  words : 
"  The  incision  is  to  be  made  with  a  scalpel  through  the  flesh 
as  far  as  the  bone,  between  the  healthy  and  diseased  portions; 
but  not  over  a  joint,  and  it  should  rather  comprehend  a 
portion  of  the  sound  limb  than  leave  any  part  of  it  diseased. 
When  we  come  to  the  bone,  the  sound  flesh  must  be  retracted 
from  it,  and  the  section  continued  around  it,  so  as  to  lay  that 
part  of  the  bone  bare  ;  then  that  is  to  be  cut  off  with  a  small 
saw,  as  near  as  possible  to  the  sound  adherent  flesh ;  and  the 
asperities  of  the  bone  produced  by  the  saw  being  smoothed, 
the  skin  is  to  be  brought  over  it ;  which  in  an  operation  of 
this  kind  ought  to  be  very  free,  in  order  to  cover  the  bone  in 
every  direction  as  much  as  possible.  The  part  which  has  not 
been  sufficiently  covered  with  skin  must  be  dressed  with  lint, 
and  a  sponge  moistened  with  vinegar  bound  over  it." 

There  is  evidence  to  support  the  belief  that  Celsus  secured 
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the  divided  blood-vessels  by  ligatures.  In  bis  observations 
upon  severe  bsemori-bage  from  wounds,  he  writes :  "  The 
bleeding  vessels  are  to  be  taken  up,  and  two  ligatures  to  be 
applied,  one  on  each  side  of  the  wound,  and  then  to  be 
divided  between  the  ligatures." 

The  first  attempt  to  control  haemorrhage  during  an  am- 
putation is  ascribed  to  Archigenes  (a.d.  81 — 117),  who 
advised  that  the  main  vessels  of  the  limb  should  be  tied  or 
stitched  before  the  operation,  or  that  the  circulation  should 
be  arrested  for  a  while  by  means  of  a  tight  band.  The 
bleeding  from  the  stump  was  to  be  checked  by  the  hot  iron. 

After  the  time  of  Celsus,  however,  surgery — so  far  cer- 
tainly as  the  performance  of  amputations  was  concerned — 
remained  dormant  for  centuries,  and  showed  but  little  ad- 
vance upon  the  art  as  it  was  taught  by  Hippocrates. 

Operative  surgery  may  be  considered  to  date  from  the 
sixteenth  century — a  century  rendered  brilliant  by  the  works 
of  the  great  anatomists  Vesalius  and  Fallopius. 

It  was  in  this  century  that  Ambrose  Pare  introduced  the 
ligature  for  the  arrest  of  traumatic  haemorrhage,  and  applied 
it  to  cases  of  amputation  through  sound  parts.  The  enor- 
mous value  of  this  simple  measiu^e  was,  however,  not  recog- 
nised for  many  j'ears. 

"Fabricius,  of  Acquapendente  (a.d.  1537 — 1619),  returned 
to  the  old  Hippocratic  doctrine  of  cutting  through  dead  parts 
only,  while  Fabricius  Hildanus  (a.d.  1560 — 1634)  employed  a 
red-hot  knife  to  sear  the  vessels  as  they  were  cut,  thinking 
this  safer  and  more  expeditious  than  the  application  of 
ligatures.  Even  Wiseman,  the  '  father  of  English  Surgery,' 
{circa  1676),  though  describing  Fare's  invention,  preferred  the 
use  of  a  '  royal  styptic '  or  the  actual  cautery.  Peter  Lowe, 
who  died  in  1612,  thought  the  ligature  reasonably  sure, 
providing  it  be  quickly  done  ;  but  Cooke,  of  Warwick  (circa 
1675),  refers  to  Pare  for  a  description  of  the  method  of 
'  stitching '  the  vessels,  and  adds  that  it  '  is  almost  wholly 
rejected;'  while  the  famous  quack  Salmon  (who  died  in 
1700)  does  not  apparently  think  it  even  worthy  of  mention." 
(Ashhurst.) 

During  the  sixteenth  and  seventeenth  centuries,  however, 
amputation  passed  through  a  period  of  development  that  can 
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only  be  termed  barbarous.  Limbs  were  removed  by  means 
of  the  chisel  and  mallet,  the  operation  in  the  case  of  the 
hand  being  accomplished  by  one  blow.  The  very  powerful 
shears  invented  by  Botal,  of  Asti,  were  in  use,  and  it  was 
claimed  for  them  also  that  they  could  effect  the  removal  of  a 
limb  by  a  single  cut.  Sickle-shaped  and  curved  knives  Avere 
employed,  and,  indeed,  it  was  not  until  late  in  the  eighteenth 
century  tliat  the  straight  blade  was  introduced. 

John  Woodall  (1617)  was  the  first  surgeon  to  advise  am- 
putation of  the  leg  as  low  as  the  ankle  in  diseases  and  injuries 
of  the  foot. 

The  invention  of  the  tourniquet,  gripe-stick,  garrot,  or 
Spanish  windlass,  is  ascribed  by  some  to  the  French  surgeon 
Morel  (1674),  and  by  others  to  Young,  of  Plymouth  (1679). 

The  somewhat  rude  contrivances  at  lirst  introduced  were 
rapidly  improved,  and  the  operation  of  amputation  became, 
in  consequence,  much  simplified. 

The  later  history  of  amputation  is  very  admirably  sum- 
marised by  Ashhurst  ("  Encycloptedia  of  Surgery,"  vol.  i.)  in 
the  following  words : — 

"  As  soon  as  surgeons  had  begun  to  emancipate  them- 
selves from  the  Hippocratic  and  (lalenic  doctrine  of  cutting 
only  dead  tissues,  it  was  natural  that  they  should  adopt  the 
Celsian  method,  and  we  accordingly  find  that  the  circular 
mode  of  amputation  was  practised  at  an  earlier  period  than 
any  of  the  flap  operations. 

"  The  first  important  modification  introduced  into  the 
procedure  of  Celsus  was  the  suggestion,  about  the  same  time 
and  apparently  independently  of  each  other,  by  Petit  in 
France,  and  by  Cheselden  in  England  (1749),  of  the  double 
incision  of  the  soft  parts  :  the  skin  and  superficial  fascia 
being  divided  first,  and  retracted,  and  the  muscles  cut  by  a 
second  incision  at  the  highest  point  thus  exposed.  .... 

"  Louis  practically  returned  to  the  Celsian  method,  dividing 
all  the.  soft  parts  at  the  same  level,  but  sawing  the  bone  at  a 
higher  point — an  important  feature  of  the  operation,  the 
value  of  which  Petit  and  Cheselden  had  overlooked!  Louis 
also  employed  digital  compression  in.stead  of  the  tourniquet, 
believing  that  the  latter  interfered  with  the  retraction  of  the 
nmscle. 


HISTORY  OF  AMPUTATION. 


263 


"  Valentin  (1772)  advised  tliat  the  position  of  the  limb 
should  be  varied  at  different  stages  of  the  operation,  so  that 
the  muscles  of  each  part  should  be  left  as  long  as  possible. 

"  With  a  similar  view,  Hey,  of  Leeds,  in  amputating  the 
thigh,  divided  the  posterior  muscles  at  a  lower  level  than  the 
anterior,  in  order  that  their  greater  tendency  to  retraction 
might  thus  be  compensated  for. 

"To  this  surgeon,  together  with  AUanson,  of  Liverpool, 
and  Benjamin  Bell,  of  Edinburgh,  is  due  the  improvement  by 
which  a  sufficient  covering  was  secured  for  the  stump  by  dis- 
secting up  the  skin  and  fascia  so  as  to  form  a  cuff,  which  was 

afterwards  brouofht  down  over  the  muscles  and  bone  

When  the  limb  was  a  large  one,  Desault  divided  the  muscles 
in  two  layers ;  he  also  divided  the  skin  by  two  semi-circular 
incisions,  instead  of  making  one  complete  circle,  but,  like 
Petit,  he  divided  the  bone  on  a  level  with  the  highest  section 
of  the  muscles. 

"The  operation  of  Bell  and  Hey — that  'with  the  triple 
incision,'  as  the  latter  called  it,  the  skin  and  fascia  being  first 
divided  and  dissected  up  for  a  sufficient  distance,  then  the 
muscle  cut  and  separated  from  the  bone,  and  this  finally 
sa\vn  through  at  a  still  higher  point — constitutes  in  all  essen- 
tial particulars  the  circular  operation  of  the  present  day. 

"  The  first  flap-operation  appeal's  to  have  been  suggested 
by  Lowdham,  of  Exeter,  as  described  by  Young,  of  Plymouth, 
inhis"Currus  triumphalis  e  terebintho,"  published  in  1679. 
.  ..  .  .  Lowdham's  and  Young's  operation  was  applied  to  the 
leg,  and  consisted  in  cutting  from  without  inwards  a  long 
flap  of  skin  and  fascia  from  over  the  muscles  of  the  calf. 

"  Verduin,  of  Amsterdam,  in  1696,  and  Sabourin,  of 
Geneva,  in  1702,  introduced  the  plan  of  forming  a  musculo- 
cutaneous flap  from  the  calf  of  the  leg,  by  transfixion,  and 
attempted  to  control  the  bleeding  by  pressing  this  firmly 
against  the  end  of  the  stump.  Vcrduin's  flap  was  adopted  by 
(iarengeot,  who,  however,  ligatured  the  bleeding  vessels,  and 
tluis  perfected  the  ordinary  flap  operation  of  the  leg  as  it  is 
still  often  practised  at  the  present  day. 

"  O'Halloran  (1764),  an  Irish  surgeon,  likewise  employed 
this  mode  of  amputation,  but  did  not  close  the  stump  till  the 
flap  was  already  covered  with  granulations. 
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"The  earliest  double-flap  amputation  ....  appears  to 
have  been  practised  by  Kavaton,  a  French  surgeon,  about  the 
year  1739.  He  applied  this  method  of  operating  to  the 
thigh,  making  first  a  circular  incision  down  to  the  bone,  and 
supplementing  this  by  longitudinal  incisions  in  front  and 
behind,  making  thus  two  square,  muscular,  lateral  flaps,  at 
point  of  junction  of  which  the  bone  was  then  divided. 

"  Vermale  modified  and  improved  this  procedure  by 
making  the  flaps  of  a  rounded  or  somewhat  oval  shape, 
and  by  forming  theta  by  transfixing  the  limb  with  a  long 

knife  and  cutting  from  within  outwards  The  flap 

operation,  in  one  or  other  of  its  forms,  was  soon  adopted  by 
other  surgeons,  and  with  various  modifications  was  finally 
brought  into  ordinary  use  through  the  example  mainly  of 
Listen  and  Guthrie  in  England,  of  Dupuytren,  Roux,  and 
Larrey,  in  France,  and  of  Klein  and  Langenbeck  in  Germany. 
All  the  various  forms  of  amputation  which  have  been  since 
employed  may  be  regarded  as  varieties  of  these  two  principal 
methods,  the  flap  and  the  circular." 

-  The  introduction  of  anaisthetics  has  materially  altered  the 
details  of  amputation  as  an  operative  procedure.  In  the  days 
before  chloroform,  the  principal  good  quality  which  com- 
mended itself  both  in.  the  method  and  in  ttie  operator  was 
rapidity  of  executiouj  Time  was  an  essential  element  in  eyery 
amputation.  The  capacity  of  a  surgeon  was  apt  to  be  gauged 
more  by  the  minutes  he  required  for  the  removal  of  a  leg  than  by 
the  character  of  the  stump  which  resulted  from  the  operation. 

•.  It  thus  happened  that  the  cutting  of  flaps  by  transfixion, 
and  the  selection  of  sites  suited  for  this  method,  were  prominent 
features  in  the  science  and  art  of  amputation  as  taught 
immediately  before  the  introduction  of  anaesthetics. 

^  In  dealing  with  a  diseased  foot  it  was  considered  advisable 
to  amputate  the  leg  at  the  place  of  election,  for  the  two  con- 
spicuous reasons  that  the  operation  could  be  very  rapidly 
performed,  and  as  the  patient  would  for  the  future  bear 
pressure  upon  the  bent  knee,  the  condition  of  the  stump  was 
of  small  moment.  An  operation  such  as  Syme's  amputation 
would  have  involved  time,  and  would  have  required  con- 
siderable deliberation,  and  its  success  would  have  involved  the 
capacity  of  the  stump  for  bearing  direct  pressure. 
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Amputations  were  planned  with  comparatively  little  care. 
The  limb  had  to  be  "whipped  ofE"'  while  the  patient  was 
conscious,  and  the  method  that  permitted  of  its  most  ready 
execution  was  the  best. 

Now  that  time  is  of  comparatively  little  consequence  m  the' 
majority  of  cases,  the  whole  aspect  of  amputation  methods  has 
been  altered.    The  flaps,  can  be  cut  with  great  accuracy  and 
deliberation,  and  the  procedure  carried  out  with  the  precision 
of  a  plastic  operation. 

It  has  been  made  evident  that  a  limb  may  be  more  con- 
veniently removed  by  cutting  in  a  steady  manner,  and  upon 
minutely  defined  lines,  than  by  slashing  it  off  by  a  few 
brilliant  and  momentary  passes  of  the  knife. 

The,  introduction  of  anaesthetics  has  rendered  possible  such 
admirable  operations  as  Farabeufs  amputation  by  an  external 
flap  at  the-  place  of  election,  the  subastragaloid  amputations, 
and  the  various  osteo-plastic  methods  of  removing  diseased 
pai'ts. 

The  very  character  of  the  instruments  used  in  amputation 
has  been  altered.  The  long  slender  flashing  blade  of  Fergusson's 
time  is  now  but  seldom  seen.  (Fig.  97.)  Many  amputations 
are  now  best  effected  simply  with  a  large  scalpel. 

The  great  amputating-saw  that  in  skilled  hands  would 
divide  the  femur  in  so  many  feverish  cuts,  is  replaced  b}-  an 
instrument  which  cuts  more  slowly,  but  at  the  same  time  more 
accurately  and  more  neatly. 

The  improved  methods  of  treating  wounds  and  of  securing 
bleeding  points  have  also  had  much  influence  upon  the 
development  of  the  operation.  Many  procedures  which  now 
yield  admirable  results  would  have  been  almost  unjustifiable 
at  a  time  when  wounds  were  adjusted  Avith  hempen  sutures, 
and  dressed  with  rags  soaked  in  oil. 

No  one  single  factor  conduces  more  to  the  production  of  a 
perfect  stump  than  healing  by  primary  intention,  or  the  closure' 
of  the  incision  without  suppuration. 
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CHAPTER  II. 
The  Amputation  Stump. 

The  success  of  any  amputation  or  method  of  amputating 
is  to  be  measured  not  by  the  rapidity  or  brilliancy  with  which 
the  operation  is  performed,  but  rather  by  the  mortality 
attending  the  procedure,  and  the  qualities  of  the  resulting 
stump. 

The  importance  of  a  sound  stump,  both  as  far  as  it  relates 
to  the  comfort  of  the  patient  and  the  utility  of  the  mutilated 
limb,  cannot  be  over-estimated. 

1.  A  good  stump  is  of  regular  outline,  firm,  solid,  and  in- 
sensitive. The  scar  is  narrow,  regular,  and  clean,  and  lies  in  a 
groove  in  the  integuments  (Figs.  102  and  127). 

The  skin  is  mobile,  except  at  the  site  of  the  cicatrix,  is 
weU  nourished,  and  capable  of  resisting  pressure.  Those 
stumps  are  the  best,  so  far  as  the  integumentary  coverings  are 
concerned,  in  which  the  skin  over  the  more  exposed  parts  is 
normally  accustomed  to  pressure.  Such  stumps  are  illustrated 
by  those  in  which  the  principal  flap  is  derived  from  the  sole 
of  the  foot,  the  heel,  the  palm  of  the  hand,  the  front  of  the 
knee,  the  back  of  the  elbow. 

The  muscles  become  atrophied,  and  their  divided  ex- 
tremities are  found  to  be  embedded  in  a  mass  of  sound  fibrous 
tissue.  Those  whose  functions  are  abolished  are  more  or  less 
entirely  converted,  in  process  of  time,  into  connective  tissue. 
Such  as  retain  any  capacity  for  action,  retain  to  a  correspond- 
ing extent  some  muscular  structure. 

The  divided  hone  becomes  rounded  off,  the  medullary 
canal  is  closed  either  by  bone  or  by  fibrous  tissue.  The 
extremity  becomes  either  atrophied  and  pointed,  or  presents 
an  abnormal  enlargement  due  to  a  development  of  bone  from 
the  periosteum. 

The  new  bone  in-  some  stumps  forms  a  button  or  mush- 
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room-like  extremity  for  the  shaft.  In  other  instances  the  new- 
bone  formations  are  scanty  and  spicular,  and  play  the  part  of 
foreign  bodies  in  the  stump. 

The  whole  shaft  of  the  bone  wastes.  After  an  amputation 
through  the  knee,  the  femoral  condyles  may  entirely  disappear, 
and  in  an  amputation  above  that  joint,  not  only  may  the  shaft 
and  tuberosities  become  evenly  atrophied,  but  this  retrogressive 
change  may  extend  to  the  pelvic  bones  of  the  same  side. 

After  a  disarticulation  the  cartilage  left  upon  the  bone 
atrophies,  and  becomes  fibrous,  or  entirely  disappears  in  the 
course  of  years. 

The  nerves  undergo  a  like  atrophic  process.  The  true 
nerve  fibres  disappear  to  a  variable  extent,  and  are  replaced  by 
connective  tissue.  This  change  may  extend  to  the  spinal  cord, 
and  even  to  the  nerve  columns  concerned. 

The  divided  extremities  of  the  nerves  may  become  enlarged 
and  form  considerable  bulbous  terminations.  It  may  be  here 
said,  however,-  that  this  condition  is  not  necessarily  associated 
with  tenderness  of  the  stump  {see  page  268). 

The  collateral  circulation  is  soon  restored  in  the  limb  after 
the  high  division  of  the  main  artery.  That  trunk  in  time 
attains  to  such  dimensions  as  are  demanded  by  the  vascular 
needs  of  the  part.  Some  years  after  an  amputation  at  the  hip 
by  an  anterior  flap,  the  portion  of  the  femoral  artery  left  in 
the  stump  will  probably  be  no  larger  than  the  radial. 

The  wastmg  of  the  main  trunk  may  be  attended  by  an 
over-development  of  certain  of  its  branches,  so  that  after  a 
lapse  of  time  the  principal  artery  may  be  difiicult  to  identify 
on  dissection. 

2.  The  bad  stump  may  owe  its  evil  properties  to  inany 
conditions.  An  amputation  wound  is  liable  to  all  the  ills  and 
misfortunes  which  may  attend  the  progress  of  any  other  ex- 
tensive incision. 

In  dealing  with  this  point  it  is  necessary  to  exclude 
those  diseases  of  stumps  which  depend  upon  an  extension  or 
a  reappearance  of  the  original  malady. 

The  skin  may  be  scanty,  thin,  tightly  drawn,  unduly  and 
imevenly  puckered  and  adherent.  The  vitality  of  the  integu- 
ment may  be  so  debased  that  the  stump  remains  cold  and 
purple,  and  liable  to  ulcerative  changes  which  pathologically 
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are  allied  to  chilblains,  and  the  superficial  gangrenous  pro- 
cesses incident  to  the  senile. 

On  the  other  hand,  ulceration  of  a  stump  may  appear  to  be 
due  to  such  gross  trophic  changes  that  they  are  rather  to  be 
compared  to  the  bedsores  of  the  paralysed,  or  the  "  perforating 
ulcers  "  of  locomotor  ataxia. 

The  scar  may  remain  weak,  or  become  eczematous,  or  be, 
on  the  other  hand,  excessive,  or  take  on  the  development  of 
warty  growths.  The  chronically  inllaraed  and  irritated  cicatrix 
may  become  in  time  the  seat  of  an  epithelioma. 

On  the  skin  may  form  corns  or  under  it  may  develop 
bursse. 

The  end  of  the  divided  bone  may  necrose,  or  the  shaft 
may  become  inflamed. 

The  stump  may  be  excessively  tender,  and  the  seat  of 
continued  pain.  In  some  instances  the  pain  is  due  to  a  slowly 
progressing  periostitis  or  osteitis.  In  the  greater  number  of 
examples  it  depends  upon  the  compression  of  a  nerve. 

The  nerve  may  be  stretched  over  the  extremity  of  the 
stump,  or  be  exposed  directly  to  pressure,  or  be  the  seat  of 
actual  neuritis.  Its  divided  end  may  be  compressed  by  the 
contraction  of  the  mass  of  fibrous  tissue  in  which  it  is  em- 
bedded, or  be  irritated  by  a  spicule  or  projecting  mass  of  new 
bone. 

On  examining  painful  stumps  by  dissection  it  is  common 
to  find  the  ends  of  the  divided  nerves  bulbous.  There  would 
however  appear  to  be  no  essential  or  constant  relation  between 
pain  in  the  stump  and  a  bulbous  enlargement  of  the  nerve  ends. 
Such  enlargements  may  be  found  in  stumps  which  are  insen- 
sitive and  capable  of  bearing  any'  reasonable  amount  of 
pressure,  and  may  be  absent  in  cases  of  painful  stump. 

The  examples  of  painful  stump  of  less  clear  origin  arc 
ascribed  to  neuralgia  when  the  patient  is  a  male,  and  to 
hysteria  when  the  patient  is  of  the  opposite  sex. 

One  of  the  most  common  and  most  troublesome  of  bad 
stumps  is  that  known  as  the  conical  stump. 

3.  The  Conical  Stump,  or  sugar-loaf  stump,  requires  no 
description.  The  apex  of  the  cone  is  formed  by  the  extremity 
of  the  bone,  which  is  not  infrequently  exposed  and  dead.  The 
real  conical  outline  is  best  seen  in  bad  stumps  following 
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Fig.  68. — CONICAL  STUMP  FOLLOWING  CIRCULAU 
AMPUTATION  OF  THE  THIGH  AND  DUE  TO  KISTKAC- 
TION  OP  THE  POSTEEIOK  AND  INTERNAL  MUSCLES. 

{Farabeuf.) 


amputation  through  the  arm  or  thigh,  but  all  ill-covered 
stumps,  such  for  instance,  as  may  be  left  after  disarticulation 
at  the  knee  or  elbow,  must  be  placed  in  the  present  category, 
although  they  cannot  assume  the  typical  outline  (Fig.  68). 
The  following  are  the  usual  causes  of  the  conical  stump : — 
(a)  Too  short  flaps  or  too  low'division  of  the  bone,  whereby 
the  soft  parts  when 
adjusted  provp  to  be 
so  scanty  that  the 
stump  may  be  con- 
sidered to  be  conical 
from  the  commence- 
ment. 

(6)  The  more  or 
less  extensive  slough- 
ing of  the  flap  or 
the  loss  of  a  con- 
siderable portion  of 
the  soft  parts  by  sup- 
puration. 

(c)  The  retraction  of  the  muscles  after  the  amputation  has 
been  completed.  This  retraction  is  a  ver}'-  common  cause  of 
conicity.  A  stump  which  at  the  time  of  the  operation  looked 
round  and  substantial  may,  as  a  result  of  slow  and  progressive 
retraction,  become  in  time  quite  cone-shaped  and  useless. 

This  condition  is  most  usually  met  with  in  amputation 
through  very  muscular  parts  and  in  muscular  subjects.  It  is 
common  in  the  thigh  and  upper  arm,  and  in  the  leg.  In  the 
latter  situation  it  is  due  to  the  unequal  and  excessive 
contraction  of  the  great  muscles  of  the  calf.  (See  also  page  271). 

Rapid  healing  of  the  wound  is  the  main  opponent  of 
secondary  retraction  of  muscle.  In  most  conical  stumps  the 
heahng  has  been  slow  and  ill-conditioned. 

(d)  Growth  of  the  bone  in  young  subjects.  After  an 
amputation  it  would  appear  that  action  ceases  in  the  epiphyses 
left  in  the  stump.  The  bone  does  not  continue  to  grow  at  the 
same  rate  as  the  coiTcsponding  bone  on  the  opposite  side. 
The  main  stimulus  to  the  epiphysis  is  removed. 

To  this  rule,  however,  there  are  exceptions.  Now  and 
then  the  epiphysis  appears  to  be  at  least  normally  if  not 
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unduly  active  after  amputation.  The  shaft  left  in  the  stump 
grows,  the  bone  in  time  tends  to  protrude,  and  a  conical 
stump  is  produced.  This  condition  is  most  often  met  with 
after  amputations  through  the  arm  in  quite  young  subjects, 
(irowth  does  not  cease  at  the  upper  end  of  the  humerus  until 
about  the  twentieth  year.  The  following  example  illustrates 
this  unusual  form  of  conical  stump :  In  the  case  of  a  boy, 
aged  nine,  I  amputated  the  left  arm,  for  injury,  dividing  the 
bone  just  above  the  insertion  of  the  deltoid  muscle.  The 
wound  healed  without  complication.  So  active,  however, 
was  the  growth  in  the  upper  epiphysis  of  the  humerus  that 
before  the  lad  reached  the  age  of  seventeen  years  the  stump 
had  become  conical  three  times,  and  on  three  occasions  I 
had  to  saw  oflf  a  not  inconsiderable  portion  of  the  shaft  of 
the  bone,  to  restore  the  proper  outline  of  the  stump. 

A  similar  cause  of  conical  stump  has  been  observed  in 
amputations  of  the  leg  close  to  the  knee  joint.  The  epiphyses 
unduly  active  in  such  a  case  belong  to  the  lower  end  of  the 
femur  and  the  upper  ends  of  the  tibia  and  fibula.  In  these 
parts  of  the  bones  growth  does  not  normally  cease  until  about 
the  twenty-first  year ;  while  the  upper  epiphysis  of  the  fibula 
does  not  join  the  shaft  until  the  twenty-fourth  year. 

4.  Circumstances  affecting  the  Contraction  of  the  Stump 
Tissues. 

In  planning  the  flaps  for  an  amputation  it  is  of  the  first 
importance  that  attention  be  paid  to  the  normal  contractility 
of  the  component  skin  and  muscles. 

(a)  The  skin.  The  contractility  of  the  skin  is  consider- 
able, but  subject  to  much  variation.  It  is  practically  lost  in 
parts  Avhich  have  been  long  distended  or  long  infiltrated. 
This  is  Avell  seen  in  the  integuments  about  a  white  swelling  of 
a  joint  or  a  chronically  inflamed  part.  The  skin  is  apt  to  be 
loose  in  the  aged  and  in  those  who  have  become  rapidly  thin, 
but  at  the  same  time  it  is  found  to  have  lost  more  or  less 
entirely  its  retractile  qualities.  • 

It  is  needless  also  to  point  out  the  loss  of  contractilit}'  in 
skin  which  has  become  much  atrophied  or  which  has  been 
long  adherent  to  the  deeper  parts. 

Other  things  being  equal,  the  skin  is  most  contractile  in 
regions  where  it  is  thin,  where  the  subcutaneous  tissue  is 
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scanty  in  amount,  where  the  integuments  are  not  normally 
connected  with  deep  aponeuroses  or  points  of  bone,  and  where 
it  is  but  little  stretched  in  any  position  of  the  limb.  These 
regions  are  illustrated  by  the  dorsal  aspect  of  the  wrist,  the 
front  of  the  bend  of  the  elbow,  the  front  of  the  forearm  and 
arm,  the  district  just  above  the  ankle,  and  the  region  of  the 
popliteal  space. 

ContractiHty  is,  on  the  other  hand,  least  marked  in  parts 
where  the  sldn  is  thick,  Avhere  the  subcutaneous  tissues  are 
considerable,  where  the  soft  parts  are  connected  with  deep 
fasciae  or  points  of  bone,  and  where  the  integument  is  exposed 
to  stretching  in  certain  postures  of  the  limb. 

These  regions  are  illustrated  by  the  palm  of  the  hand  and 
the  sole  of  the  foot,  by  the  dorsal  aspect  of  the  finger  joints, 
by  the  soft  parts  in  front  of  the  knee  and  behind  the  elbow, 
and  by  districts  in  which  the  deposit  of  subcutaneous  fat  is 
considerable. 

Speaking  in  general  terms,  the  average  contractility  of  the 
skin  may  be  represented  by  one-third  of  the  length  of  any 
given  portion,  that  is  to  say,  if  a  skin  flap  is  required  to  be 
8  cm.  in  length  in  order  to  cover  the  bone,  its  length  before 
its  separation  should  be  12  cm. 

{h)  The  Muscles. — All  muscles,  of  course,  contract  on 
division,  but  the  extent  of  that  contraction  is  subject  to 
remarkable  variations. 

Those  muscles  retract  most  which  are  quite  free  between 
their  points  of  origin  and  msertion,  and  which  are  provided 
Avith  long  fibres,  such  as  the  sartorius,  gracilis,  and  the 
biceps  humeri. 

These  muscles  may  lose,  according  to  Farabeuf,  as  much  as 
four-fifths  of  their  length  on  division. 

Those  muscles  contract  least  which  are  provided  with 
short  fibres,  as  illustrated  by  the  pennilbrm  and  bipenniform 
muscles — which  are  connected  with  bone  at  the  seat  of  the 
division,  as  is  the  brachialis  anticus,  or  which  are  attached  to 
aponeuroses— as  illustrated  by  the  flexor  muscles  of  the  fore- 
arm just  below  the  elbow  joint. 

In  a  circular  amputation  at  the  middle  of  the  arm  the 
different  degrees  of  contractility  are  well  illustrated  by  the 
biceps  on  the  one  hand  and  the  brachialis  anticus  and  triceps 
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on  the  other.  An  equally  forcible  comparison  is  provided  in 
the  calf,  where  the  contraction  of  the  surface  muscles  is 
measured  against  that  of  the  deep. 

Muscular  contraction  is  influenced  also  by  the  size  of  the 
muscle,  by  the  amount  of  it  left  in  the  flap,  by  the  age  and 
health  of  the  patient,  and  the  degree  of  his  muscular  develop- 
ment. 

It  is  impossible  to  gauge  the  contraction  which  will  take 
place  in  a  young,  vigorous,  and  athletic  man  by  that  which  is 

observed  when  the  same  muscles  are 
divided  in  an  aged,  cachectic,  or  bed- 
ridden subject. 

The  muscles  to  be  divided  may 
have  become  atrophied,  or  may  be 
infiltrated  with  inflammatoiy  material 
or  by  a  new  growth,  or  may  have 
already  become  fully  contracted  froin 
a  long  continued,  fixed  position  of  the 
limb. 

In  addition  to  the  immediate  con- 
traction of  a  divided  muscle  there  is 
also  the  secondary  retraction,  which 
follows  slowly.  This  secondary  re- 
traction is  of  course  influenced  by 
the  conditions  already  detailed,  but  it 
depends  probably  to  a  much  greater  extent  upon  the  cir- 
cumstances of  the  healing  process. 

Stumps  in  which,  at  the  time  of  the  operation,  a  very 
liberal  provision  for  the  covering  of  the  bones  was  made,  may 
become  in  time  conical,  if  the  healing  process  be  ill- 
conditioned  and  much  prolonged. 

The  main  preventive  of  secondary  retraction  of  muscles 
is  rapid  and  sound  healing. 

Considering  the  contractility  of  all  the  soft  parts  together 
(skin  and  muscles)  Farabeuf  lays  down  the  following  rules : 

1.  The  primary  or  immediate  retraction  of  the  tissues 
forming  a  flap  may  be  represented  by  one-third  of  the  length 
of  that  flap,  i.e.,  if  a  flap  of  10  cm.  is  required  to  cover  the 
bone,  it  should  be  cut  15  cm.  long. 

Additional  length  must  be  given  to  the  flap —  . 


Fig.  GO.  —  STUMP  or  eight 

ARM  APTKR  AMPUTATION  BY 
TWO  EQUAL  LATIORAL  FLAPS. 
THE  GKKATER  RETRACTION 
OK  THE  INNER  FLAP  HAS 
DRAWN  THE  CICATRIX  TO  THE 

INNER  SIDE.  (Farabeuf.) 
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(a)  When  the  section  of  the  bones  is  largo  compared  with 
the  section  of  the  soft  parts — as  in  an  amputation  just  above 
the  wrist  or  through  the  leg  (in  a  thin  subject)  a  httle  below 
the  knee-joint. 

(h)  When  secondary  retraction  is  to  be  feared. 

(c)  When  the  amputation  is  performed  at  some  distance 
from  the  root  of  the  segment  of  the  limb  concerned.  In  such 
case  all  the  muscles  in  the  flap  are  cut  at  little  less  than 
full  length.  Thus,  other  things  being  equal,  the  flaps  should 
be  proportionately  longer  in  an  amputation  just  above  the 
wvist  than  in  an  amputation  just  below  the  elbow,  the  same 
muscles  beinq-  involved  in  both  cases. 

2.  The  integumentary  part  of  the  flap  should  always  be 
longer  than  the  muscular  part. 

The  .effects  of  the  retraction  of  the  tissues  after  operation 
upon  the  outline  of  the  wound  vary  in  different  parts.  Thus 
a  circular  incision  at  the  wrist  becomes  an  ellij^tical  incision 
with  the  highest  point  posterior,  in  consequence  of  the  undue 
retraction  of  the  dorsal  intesruments. 

o 

A  circular  wound  about  the  centre  of  the  forearm  remains 
circular,  since  the  parts  contract  equally. 

A  circular  incision  at  the  elbow  becomes  elliptical  with  the 
highest  point  anterior,  owing  to  the  undue  contraction  of  the 
soft  parts  in  front  of  the  joint. 

A  circular  wound  m  the  thigh  takes  an  elliptical  outline 
with  the  highest  point  postero-internal.  It  has  therefore  been 
said  by  Marcelin  Duval,  "  To  carry  out  the  circular  method  in 
the  thigh,  one  must  practise  the  elliptical  incision." 

The  contraction  of  the  tissues  of  a  flap  may  be  very  un- 
equal, owing  to  local  changes  in  the  part  of  the  limb  involved. 

5.  Circumstances  affecting  the  Vitality  of  the  Stump 
Tissues. 

The  vitality  of  a  stump,  and  as  a  consequence  its  dis- 
position to  heal,  depends  mainly  upon  the  character  of  its 
blood  supply. 

If  a  large  fleshy  or  cutaneous  flap  be  cut  containing  an 
insufficient  number  of  uninjured  arteries  to  meet  its  nutritive 
needs,  it  is  obvious  that  no  skill  in  operating,  and  no  care  in 
the  after-treatment,  can  save  some  portion  of  the  flap  at  least 
from  destruction, 
s 
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In  fashioning  the  heel  flap  in  a  Syme's  amputation  at  the 
ankle  a  very  slight  deviation  of  the  knife  will  at  once  deprive 
the  flap  of  one-half  of  its  proper  blood  supply. 

In  like  manner  in  the  amputation  at  the  place  of  election 
in  the  leg  by  Farabeuf's  method,  the  single  external  flap  is 
admirably  weU  nourished  so  long  as  the  artery  embedded  in  it 
remains  intact ;  but  if  by  any  unfortunate  movement  of  the 
knife  the  vessel  is  divided  at  the  last  moment  at  the  base  of 
the  flap,  no  skill  can  save  its  tissues  from  some  loss  by 
sloughing. 

Moreover,  a  well-nourislied  flap  may  be  rendered  anjemic 
by  the  compression  of  bandages  or  by  its  being  too  tightly 
flxed  to  a  supporting  splint. 

The  same  effects — but  in  less  degree — may  follow  the 
bending  of  the  integuments  over  the  bone.  Such  bending 
may  compress  the  vessels  of  the  flap  to  a  dangerous  degree, 
especially  when  the  part  is  much  drawn  upon  by  tight 
sutures. 

In  considering  this  eftect  note  must  be  taken  of  the 
natural  disposition  of  the  parts.  For  example,  after  a  dis- 
articulation at  the  knee-joint  by  a  long  anterior  flap  the  skin 
is  in  its  normal  position  when  it  is  folded  over  the  femur,  and 
no  undue  com^jression  of  the  vessels  will  occur. 

But  in  a  disarticulation  at  the  same  place  by  a  single  long 
posterior  flap  the  tissues  of  that  flap  are  so  bent  over  the 
condyles  of  the  bone  as  to  cause  the  contained  vessels  to  be 
very  easily  occluded. 

Undue  traction  upon  a  flap  must  in  almost  every  amputa- 
tion tend  to  diminish  its  blood  supply. 

In  fashioning  skin  flaps,  care  must  be  taken  that  they  are 
not  too  scantily  cut,  and  that  the  skin  itself  is  not  separated 
from  the  subcutaneous  tissues. 

The  blood  supply  of  the  skin — from  the  point  of  view  of 
flap  formation — varies  in  difterent  parts  of  a  Umb,  and  is  most 
efficient  in  the  region  of  the  joints.  The  largest  skin  flaps 
possible  in  amputation  may  be  cut  from  the  front  of  the  knee 
or  the  back  of  the  elbow.  Flaps  of  corresponding  size  separ- 
ated from  the  segments  of  the  limbs  above  and  below  these 
joints  would  in  all  probability  perish  from  mal-nutrition. 

Long  tendons  and  loose  aponeuroses  should  not  be  left  in 
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a  stump.  Their  vitality  is  low,  and  tliey  show  a  great  dis- 
position to  slough. 

The  bone  in  the  amputation  stump  not  infrequently  be- 
comes necrosed.  This  may  be  due  to  rough  and  rapid  sawing, 
or  to  extensive  damage  to  the  periosteum. 

The  other  circumstances  influencing  the  vitality  of  flaps 
are  more  or  less  general,  and  need  not  be  considered  in 
detail. 

Among  them  are  the  health  and  condition  of  the  patient, 
the  state  of  the  limb  previous  to  amputation,  the  manner  in 
which  the  operation  is  conducted,  and  the  treatment  of  the 
wound  carried  out. 

6.  The  Situation  of  the  Cicatrix. 

The  utility  of  a  stump  depends  to  no  small  extent  upon 
the  position  of  the  cicatrix.  It  is  important,  when  possible, 
that  the  cicatrix  should  be  so  placed  as  to  be  the  least 
exposed  to  pressure. 

In  this  connection  it  must  be  borne  in  mind  that  the 
function  of  a  stump  in  the  lower  extremity  is  very  different 
from  that  of  a  stump  in  the  upper  limb.  The  former  should 
be  capable  of  withstanding  pressure  and  of  bearing  weight 
upon  its  extremity.  .  The  scar  therefore  will  be  least  well 
placed  when  it  is  "  terminal,"  or  situated  upon  the  point  or 
summit  of  the  stump.  It  will  be  most  conveniently  disposed 
when  it  is  "  lateral,"  or  placed  upon  one  of  the  sides  of  the 
stump. 

On  the  other  hand,  in  the  upper  limb  the  stump  is  not 
required  to  bear  weight  or  to  withstand  pressure  upon  its 
extremity.  The  pressure  will  most  usually  come  upon  the 
sides  or  cncumference  of  the  stump.  This  is  seen  in  noting 
the  movements  of  an  artificial  arm — e.g.,  after  an  amputation 
above  the  elbow — when  the  hmb  is  passed  in  various 
directions.  As  the  apparatus  is  placed  in  one  or  other 
attitude  the  stump  which  directs  it  wiU  receive  pressure 
on  its  "sides,"  but  not  upon  its  extremity  or  terminal 
point. 

In  a  general  way  therefore  it  may  be  said  that  the  position 
of  the  cicatrix  which  is  best  adapted  for  stumps  of  the  upper 
limb  is  least  adapted  for  those  of  the  lower. 

Some  stumps  of  course  require  quite  special  support,  and 
s  2 
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some  artificial  limbs  can  be  worked  indeiaendontly  of  any 
assistance  from  the  actual  stump  itself. 

If  a  "  peg-leg "  be  employed  after  an  amputation  at  the 
place  of  election,  the  position  of  the  cicatrix  is  a  matter  of  not 
the  least  importance. 

Amputation  cicatrices  may  be  divided  into  three  classes  : 
(a)  Terininal,  when  the  scar  occupies  the  actual  extremity 

of  the  stump  (Fig.  142). 
{h)  Lateral,  when  it  occupies  one  or  more  of  the  sides  of 
the  stump  or  parts  of  its  circumference,  as,  for 
example,  when  the  wound  is  placed  upon  the 
anterior,  or  posterior,  or  internal  surface  of  the 
limb  (Figs.  102,  127,  and  130). 
(c)  Termino-lateral,  when  a  terminal  cicatrix  is  prolonged 
on  to  one  or  more  of  the  sides  of  a  stump 
(Fig.  69). 

The  position  of  the  cicatrix  after  amputation  b}'  various 
methods  may  be  detailed  as  follows.  In  considering  this 
matter,  however,  the  effects  of  the  retraction  of  the  tissues 
after  operation,  upon  the  outline  of  the  wound,  must  be 
borne  in  mind  (page  270). 

Circular  =    scar  terminal. 

Elliptical  —    if  oblique,  scar  wholly  lateral ; 

if  nearly  horizontal,  scar  ter- 
minal. 

Oval  or  racket        =    scar  termino-lateral. 

Single  flap  —    scar  lateral. 

Double  flap  =    if  of  equal  size,  scar  tenninal ; 

if  of  unequal  size,  scar  lateral. 


CHAPTER  III. 


The  Controlling  of  Hemorrhage  during  the 

Operation. 

Under  this  heading  may  be  considered  (a)  the  use  of  the 
tourniquet,  (b)  the  use  of  Esmarch's  band,  and  (c)  the  employ- 
ment of  digital  compression. 

(a)  The  tourniquet  has  been  the  subject  of  almost  endless 
modifications.  Originally  it  took  the  form  of  a  simple  band 
or  fillet,  which  was  tied  as  tightly  as  possible  around  the  limb, 
above  the  site  of  the  amputation.  Then  came  the  invention 
of  Morel  (1674),  by  which  sticks 
were  introduced  under  the  band, 
and  twisted  round  so  as  to  com- 
press the  limb  as  vigorously  as 
required. 

Following  upon  this  was  the 
admirable  tourniquet  of  Petit 
(1718),  in  the  construction  of 
which  a  metal  screw  was  intro- 
duced, and  in  which  the  principal 
pressure  was  brought  to  bear  upon 
the  main  artery. 

Petit's  instrument,  and  its 
modifications,  represent  one  type 
of  tourniquet  (Fig.  70).  The 
whole  of  the  circumference  of 
the  limb  is  more  or  less  tightly  Fig.  70.- petit's  screw  touuni- 
compresscd,  Avhile  localised  press- 

urc  is  brought  to  bear  upon  the  main  vessel.  This  typo  of 
mstrument  has  the  advantage  of  being  kept  easily  in  place, 
and  the  disadvantage  of  compressing  all  the  vessels  of  the 
limb,  especially  the  veins.  It  plays  the  part  of  a  very  tightly- 
tied  cord. 
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The  second  type  of  tourniquet  is  of  later  development.  No 
band  is  employed ;  the  whole  instrument  is  of  metal,  and  an 
attempt  is  made  to  limit  the  compression  to  the  main  artery. 

This  form  of  appara- 
tus is  illustrated  by  Sig- 
noroni's  horseshoe  tour- 
niquet (Fig.  71),  and  by 
the  tourniquets  of  Skey, 
Lister,  and  De  Carte. 

These  all  possess  the 
advantage  of  not  com- 
pressing the  entire  limb, 
Fig.  7l.-wEiss's  0.  siGNORONi's    .^^^^  of  Icaviug  the  greater 

part  of  the  circumference 
free,  but  the  disadvantage  of  being  very  easily  displaced  and 
put  out  of  position. 

The  objections  to  all  tourniquets  are  these  :  An  apparatus 
is  required ;  and,  indeed,  to  suit  the  needs  of  all  cases,  many 
different  instruments  are  necessary.  The  compression  is  un- 
intelligently  employed,  is  apt  to  be  irregularly  applied,  and  to 
be  excessive  and  injurious  in  amount.  During  the  movements 
of  the  limb,  or  of  the  patient,  the  tourniquet  is  very  liable  to 
be  displaced.  Instruments  of  the  Petit  type  have  the  dis- 
advantage of  compressing  the  limb  in  its  entire  circumference. 
However  ingenious  the  pad,  or  however  carefully  it  is  adjusted, 
it  can  scarcely  avoid  compression  of  the  main  vem  (as  in 
the  groin),  as  well  as  the  main  artery.  With  Petit's  instru- 
ment this  is  indeed  inevitable. 

The  tourniquet  has  played  a  very  important  part  in  the 
operation  of  amputation,  but  its  chief  merits  belong  to  the 
past.  It  is  but  little  used  at  the  present  time.  It  was  of 
admirable  service  before  the  days  of  ana";sthetics,  when  the 
struggling  patient  had  to  be  firmly  held  and  the  artery  to 
be  compressed  by  main  force,  and  when  the  means  employed 
for  the  securing  of  divided  vessels  were  tedious  and  un- 
couth. 

(b)  Esmarch's  bandage  and  tourniquet  have  enjoyed  a  high 
reputation,  and  have  been  extensively  employed  in  cases  of 
amputation.  The  method  involved  reproduces  that  of  the 
oldest  form  of  tourniquet — the  fillet,  with   the  important 
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difference  that  the  constricting  band  is  elastic,  instead  of  being 
unyielding. 

That  the  band  is  of  great  convenience  to  the  surgeon  is 
obvious  ;  that  it  is  of  material  assistance  to  the  hesitating  and 
nervous  operator  is  also  evident.  Its  advantages  to  the  patient, 
however,  are  not  so  cleai-. 

Not  a  little  of  the  reputation  attending  the  apparatus  has 
depended  upon  its  fortuitous  association  with  the  attractive 
term  "  bloodless  operation." 

It  has  long  since  been  shown  that,  within  limits,  the  loss  of 
blood  at  an  operation  is  not  the  only  possible  evil,  and  that  a 
perfect  result  does  not  of  necessit}^  follow  a  bloodless  method. 

The  objections  to  the  tube,  or  band,  are  these  : 

In  the  first  place,  if  the  pressure  be  maintained  for  more 
than  a  quite  short  time,  some  temporary  paralysis  of  the 
vasomotor  nerves  of  the  part  follows,  with  the  result  that 
when  the  tourniquet  is  removed  an  unusual  amount  of  oozing 
occurs  from  the  still  dilated  vessels.  General  oozing  is  less 
easy  to  deal  with  than  are  a  few  spurting  arteries  ;  the  after- 
bleeding  may  be  so  considerable  that  the  term  "bloodless 
method  "  becomes  quite  mal-apropos.  Oozing  usually  involves 
much  sponging,  rubbing,  and  washing  of  the  raw  surface,  the 
possible  application  of  some  styptic  solution,  and  the  ex- 
penditure of  not  a  little  time.  "  In  all  cases,"  writes 
MacCormac,  "  its  prolonged  use  materially  increases  the 
subsequent  bleeding  from  the  smaller  vessels  in  the  stump, 
and  often  necessitates  the  application  of  double  or  triple  the 
number  of  ligatures  commonly  employed." 

It  is  needless  to  point  out  that  these  circumstances  militate 
against  primary  healing. 

After  the  sutures  have  been  applied,  and  the  stump  dressed, 
more  oozing  continues  very  often  than  is  to  be  expected  when 
no  constricting  band  has  been  employed. 

In  any  case  the  band  would  appear  to  increase  the  amount 
of  venous  htemorrhag-e. 

In  the  second  place,  Esmarch's  tourniquet,  if  long  apphed, 
has  apparently  the  effect  of  hindering  the  healing  process,  and 
this  is  not  improbably  due  to  some  very  superficial  sloughing, 
or  to  an  undue  reaction  following  upon  tl)c  release  of  the 
vessels  from  pressure. 
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In  the  third  place,  the  band,  if  appHed  near  to  the  site  of 
the  amputation,  may  interfere  with  the  retraction  of  the  divided 
muscles,  may  embarrass  the  operator,  and  may  even  slip  off 
during  an  important  stage  of  the  opo-ation. 

In  the  fourth  place,  some  temporary  paralysis  may  follow, 
especially  in  the  arm  and  in  thin  subjects,  owing  to  long  com- 
pression of  the  nerves  of  the  limb  ;  and  I  have  been  induced  to 
believe  that  an  unusual  degree  of  pain  may  attend  the  earlier 
period  of  the  patient's  recovery. 

It  may  be  added,  finally,  that  the  use  of  Esmarch's 
tourniquet  may  render  the  surgeon  a  little  careless,  and  may 
put  in  jeopardy  the  main  vessels  of  a  flap,  which,  if  the  tourni- 
quet were  not  applied,  would  be  approached  with  especial  care. 

In  some  cases,  without  doubt,  this  elastic  tourniquet  is 
very  useful.  It  is  simple  and  handy,  is  readily  applied,  and 
retains  its  position.  Moreover,  it  controls  all  bleeding  com- 
pletely. It  has  been  of  especial  service  in  amputations  at  the 
hip  and  shoulder  joints,  and  its  application  is  described  in 
the  sections  dealing  with  these  operations. 

It  is  useful,  also,  in  instances  where  the  surgeon  has  to 
operate  with  little  assistance,  or,  at  least,  without  competent 
help,  and  in  some  cases  of  very  muscular  or  very  corpulent 
subjects. 

I  would  venture  to  think,  however,  that  its  use  should  be 
limited  to  exceptional  cases,  and  that  it  should  not  be  regarded 
as  a  necessary  appendage  to  all  amputations. 

The  elastic  bandage  employed  with  Esmarch's  tourniquet  is 
of  somewhat  doubtful  value. 

It  is  true  that  it  empties  the  limb  of  blood,  and  forces  it 
back  into  the  general  circulation.  The  extremity  is  rendered 
anremic,  and  the  blood'  that  would  have  been  lost  with  the 
limb,  if  no  bandage  was  used,  is  saved  to  the  patient. 

I  am  not  aware  that  this  economy  in  blood  has  been  proved 
to  be  of  substantial  worth.  Parts  which  have  been  long 
rendered  anremic  are  not  placed  in  the  best  condition  for 
ensuring  primary  healing ;  and,  moreover,  if  the  forcing  of  a 
quantity  of  blood  into  the  general  circulation  increases  the 
blood  pressure  at  the  time,  the  possibilit}''  of  an  abnormal 
amount  of  oozing  has  to  be  anticipated.  If  a  patient  cannot 
afford  to  lose  the  amount  of  blood  which  will  be  lost  in  an 
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ainjDutated  limb,  it  may  be  a  question  as  to  how  far  the  ampu- 
tation itself  is  justifiable. 

The  bandage  may  have  the  effect  of  displacing  clots.  It 
should  certainly  not  be  applied  to  a  limb  the  seat  of  suppura- 
tion or  gangrene  ;  and  in  the  case  of  malignant  growth,  the 
"  emptying "  of  the  extremity  by  means  of  elastic  pressure, 
and  the  actual  compression  of  the  growth  itself,  may  be 
attended  by  no  little  risk. 

I  have  long  since  entirely  abandoned  the  use  of  the 
bandage;  and  it  appears  to  me  that  the  end  aimed  at — so 
far  as  the  saving  of  blood  is  concerned  —  may  be  more 
efficiently  and  more  safely  attained  by  keeping  the  limb 
elevated  for  some  little  time  before  the  main  vessels  are 
compressed  and  the  knife  introduced.  ' 

(c)  Digital  compression  of  the  main  artery  is  the  best 
method  of  controlling  bleeding  during  an  amputation,  and 
should  be  employed  whenever  possible. 

It  requires  a  skilled  and  strong-handed  assistant.  The 
pressure  upon  the  artery  can  be  well  localised,  well  regulated, 
and  rendered  precise. 

The  main  vein  need  not  be  included  in  the  compression,  as 
in  the  case  of  the  femoral  vessels  at  the  groin.  The  brachial 
artery,  however,  could  scarcely  be  occluded  without  at  the 
same  time  obliterating  the  lumina  of  the  companion  veins. 

The  pressure  need  not  be  applied  for  a  moment  longer  than 
is  required,  and  can  be  at  once  relaxed,  and  at  all  times 
accurately  controlled.  It  is  limited  to  the  part  required ;  there 
is  no  general  compression  of  the  soft  tissues,  and  no  injurious 
compression  of  nerves. 

The  fingers  of  a  skilled  assistant  are  more  reliable  than 
any  tourniquet,  and  are  less  likely  to  shift  their  position. 

They  have  that  intelligent  hold  of  the  artery  which  the 
most  ingenious  tourniquet  must  of  course  lack. 

Special  means  of  controlling  hremorrhage  may  be  required 
during  disarticulations  at  the  hip  and  shoulder.  These 
measures  are  considered  in  the  sections  deahng  with  those 
operations. 

Putting  aside  these  particular  circumstances,  it  may  be 
said,  in  general  terms,  that  digital  compression  should  be 
employed  during  all  amputations. 
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If  the  artery  be  well  controlled,  the  method  has  the  principal 
claim  to  be  termed  "  bloodless,"  especially  when  the  operation 
is  of  some  duration. 

It  should  be  remembered  that  the  question  of  controlling 
bleeding  during  amputation  has  been  much  modified  during 
recent  years. 

In  the  first  place,  the  introduction  of  pressure  forceps, 
which  can  close  any  vessel  in  a  moment,  has  very  greatly 
simplified  the  means  for  arresting  hiemorrhage. 

In  the  next  place,  amputation  methods  have  altered. 
Limbs  are  not  slashed  off,  and  main  vessels  sliced  open,  as 
was  a  common  practice  some  fifty  years  ago. 

Many  flaps  are  now  so  carefully  and  methodically  cut 
that  each  vessel  as  it  is  divided  is  secured  by  pressure  forceps. 

In  any  case,  the  main  vessels  are  clamped  as  soon  as  they 
arc  severed.  In  some  amputations  it  is  possible  for  these 
trunks  to  be  secured  before  they  are  divided. 

The  assistant  who  controls  the  artery  must  have  anatomical 
knowledge  and  strong  hands. 

In  the  upper  limb,  in  children,  in  aged  and  emaciated 
subjects,  the  compression  can  be  easily  kept  up. 

In  the  lower  limb,  in  the  corpulent,  and,  above  all,  in  the 
very  muscular,  the  pressure  is  not  so  readily  maintained. 

In  such  cases,  and  in  instances  where  the  amputation  in- 
volves much  time,  two  assistants  are  required,  or  aid  may  be 
given  by  means  of  a  screw  tourniquet  or  weight,  which  can 
be  adjusted  upon  the  assistant's  fingers. 

In  all  amputations  below  the  hip  and  the  shoulder  the 
compression  is  concerned  only  with  the  femoral  artery  against 
the  OS  pubis,  and  the  brachial  artery  against  the  humerus. 
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The  Instruments  required  in  Amputation. 

The  actual  instruments  needed  in  each  amputation  are 
enumerated  in  their  respective  sections. 

The  Amputating  Knife  must  necessarily  vary  according  to 
the  character  of  the  operation.  The  great  alterations  made  in 
recent  years  in  the  mode  of  performing  amputations  have  had 
an  equally  pronounced  effect  upon  the  chief  instrument.  The 
enormous  knives  employed  some  thirty  or  forty  years  ago 
have  ceased  to  be  used.  Such  a  knife  is  depicted  in  Fig.  97, 
from  Fergusson's  "  Practical  Surgery."  The  author,  in  his 
description  of  the  figure,  remarks :  "  The  knife,  in  my  opinion, 
the  artist  has  represented  a  httle  too  long;"  but  in  the  same 
work  knives  of  a  proportionate  length  are  depicted  without 
comment.  For  an  amputation  at  the  hip-joint  in  Fergusson's 
time  a  knife  with  a  cutting  edge  of  from  twelve  to  fourteen 
inches  was  employed.  At  the  present  day  that  operation  is 
commonly  effected  with  a  knife  no  larger  than  the  instrument 
used  for  excising  a  breast. 

A  good  amputating-knife  should  possess  the  following 
characters : — The  handle  should  be  large  and  strong  and  from 
four  and  a  half  to  five  inches  in  length.  Its  sides  should  be 
flat  and  its  edges  cut  square.  Its  surfaces  should  be  well 
roughened. 

With  regard  to  the  length  of  the  blade,  it  must  be  remem- 
bered that,  when  force  and  precision  are  required,  the  blade 
must  be  short  and  the  handle  large  and  strong.  This  is  well 
illustrated  by  Syme's  amputation,  for  which  operation  no  in- 
strument is  better  suited  than  an  old  resection-knife,  the 
blade  of  which  has  been  shortened  and  narrowed  by  repeated 
"  settings." 

For  transfixion  operations  the  length  of  the  blade  should 
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be  equal  to  that  of  one  diameter  and  a  half  of  the  limb,  and 
the  same  rule  applies  roughly  to  the  knife  required  for  the 
circular  operation. 

Over  these  long  blades  the  operator  has  little  control,  as 
will  be  shown  if  he  attempt  to  complete  a  transfixion  or  cir- 
cular amputation  with  the  long  knife  used  at  the  commence- 
ment of  the  operation. 

In  performing  an  amputation  at  the  hip  by  antero-posterior 
Haps  cut  by  transfixion,  the  point  of  the  knife  has  been  thrust 
into  the  femur  and  broken  against  that  bone,  and  has  found 
its  way  into  the  thyroid  foramen,  into  the  scrotum,  and  into 
the  thigh  of  the  opposite  side. 

In  a  good  amputating-knife  the  blade  is  light  and 
narrow,  and  the  back  not  too  heavy.  The  point  of  the 
knife  is  nearly  lancet-shaped,  and  the  very  tip  corresponds 
to  the  extremity  of  a  line  drawn  along  the  long  axis  of 
the  knife  and  through  the  centre  of  the  blade  (Fig.  72). 
It  is  convenient  in  transfixion  amputations  that  the 
extremity  of  the  steel  should  be  double-edged  (in  Fig.  72 


Fig.  72. — TRANSFIXION  AMPUTATION  KNIFE. 

The  double  edge  extends  from  the  point  to  A.    The  dotted  line  indicates  the  centre 

of  the  blade. 

as  far  as  a).  There  is  no  prominent  "  heel "  to  the  knife  to 
engage  the  tissues  and  embarrass  the  surgeon's  fingers.  The 
point  is  not  too  fragile. 

In  the  smaller  knives— such  as  are  adapted  for  cutting 
flaps  from  without  inwards — the  point  may  be  a  little  neai-er 
to  the  dorsum  than  to  the  cutting  edge,  and  the  edge  itself 
may  be  a  little  rounded  (Fig.  74). 


Fig.  73.— AMPUTATION  KNIFE  WITH  EVKUY  BAD  QUALITY. 


Fig.  73  shows  an  amputating-knife  with  almost  every  bad 
quality — a  long  knife  with  a  small,  weak,  smooth  handle ;  a 
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blade  with  a  heavy  back,  a  projecting  heel,  and  a  tapering  and 
fragile  point. 

The  instrument  styled  in  instrument-makers'  catalogues 
"a  metacarpal  knife,"  may  be  taken  to  represent  the  worst, 
form  of  knife  that  could  (within  reasonable  limits)  be  used  for 
amputating  a  finger  at  a  metacarpal  joint  or  for  removing 
a  metacarpal  bone. 

The  immense  broad-bladed  knives  figured  by  some  authors 
as  adapted  for  amputation  by  the  circular  method  belong  to 
a  past  age. 

The  catlin,  or  double-edged  knife,  has  now  fallen  into 
disuse.  No  such  instrument  is  required  to  divide  the  soft 
parts  between  the  tibia  and  fibula.  The  knife  is  not  only 
quite  unnecessary  in  any  amputation  of  the  leg,  but  in  the 
hands  of  the  inexperienced  is  dangerous. 

A  useful  instrument  in  all  amputations  is  a  good  stout 
scalpel  with  a  substantial  handle. 

The  Amputating-saw  should  be  broad  and  long  in  the 
blade  and  have  fine  teeth.  The  blade  is  about  ten  mches 
in  length,  and  two  and  a  half  inches  in  width.  Those 
with  movable  backs  are  the  most  convenient,  and  enable 
the  sawing  edge  to  be  reduced  to  the  narrowest  possible 
dimensions. 

The  bow  saw,  or  Butcher's  saw,  is  best  adapted  for  ampu- 
tations   in   which  a 
curved  or  oblique  di- 
vision  of  a  bone  is 
desired. 

Fig.  74. — AMPUTATION  KNIFE   USED   FOR  CUTTING 

Many    retractors  flaps  from  without  inwards. 

have  been  devised  for 

the  purpose  of  protecting  the  soft  parts  during  the  application 
of  the  saw.  The  simple  Imen  two-tailed  retractor  answers 
well  enough.  The  fingers  of  one  or  more  intelligent  assist- 
ants answer  better.  A  three-tailed  linen  reti'actor  may 
be  used  in  amputations  through  the  leg  and  the  forearm. 
Three  ivory  spatulas  placed  close  to  the  bone,  and  made  to 
cross  one  another  in  the  form  of  a  triangle,  represent  an  ad- 
mirable retractor. 

The  other  instruments  used  call  for  no  especial  com- 
ment. 
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The  following  is  the  list  of  instruments  which  may  be 
required  in  the  performing  of  an  amputation : — 


Tourniquet. 
Amputating'  Knives. 
Stout  Resection  Knives. 
iScalpels. 
Saws. 

Lion  Forceps. 
Bone  Forceps. 
Periosteal  Elevators. 
Linen  Retractors. 
Ivory  Sputultc. 


Volkmann's  Spoon. 
Gouge. 

Dissecting  and  Artery  Forceps. 
Pressure  Forceps. 
Tenaculum. 

Scissors,  Probe,  Straight  Needles, 
Ligatures,  Sutures,  Dressings. 
Irrigator. 

Kidney-shaj)ed  Receiver. 

Splint  or  Siijjport  for  the  Stump. 
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CHAPTER  V. 
Methods  of  Performing  Amputation. 

The  following  are  the  principal  procedures  in  amputation : — 

1.  The  Circular  Method. 

2.  The  Modified  Circular  Method. 

3.  The  ElHptical  Method. 

4.  The  Oval  or  Racket  Aniputation. 

5.  The  Amputation  by  Flaps. 

1.  The  Circular  Method. — In  this  method  of  amputation 
the  soft  parts  are  divided  by  a  series  of  circular  cuts,  made 
from  the  skin  down  to  the  bone.  The  tissues  are  not  divided 
by  one  sweep  from  integument  to  periosteum,  but  by  successive 
cuts,  in  such  a  way  that  the  skin  and  the  layers  of  muscle  are 
severed  at  difterent  levels.  The  history  of  this  operation  has 
already  been  alluded  to  (page  262). 

Two  forms  of  circular  amputation  are  practised  at  the 
present  day.  They  are  identical  in  principle,  and  their  differ- 
ences, such  as  they  are,  depend  upon  anatomical  features,  and 
are  indeed  influenced  only  by  locality. 

A.  The  ordinary  circular  amputation— the  amputation 
circulaire  infundihuliforme  of  the  French — is  illustrated  by 
an  amputation  through  the  arm  or  thigh.  In  these  parts  the 
bone  is  more  or  less  evenly  surrounded  by  thick  muscles. 
After  each  circular  cut  the  soft  tissues  are  allowed  to  retract, 
or  arc  retracted,  before  a  second  sweep  is  made  with  the  knife. 
The  result  is  that  the  wound  becomes  funnel-shaped;  the 
edge  of  the  funnel  is  formed  by  the  divided  skin ;  the  apex 
of  the  funnel,  or  infundibulum,  by  the  divided  bone. 

In  performing  a  circular  amputation  the  surgeon  stands  to 
the  right-hand  side  of  the  limb  to  be  removed,  i.e.,  to  the  outer 
side  of  the  right  upper  or  right  lower  limb,  and  to  the  inner 
side  of  the  left  limbs.  The  operator  is  thus  able  to  grasp  the 
limb  above  the  site  of  the  amputation  with  his  left  hand.  In 
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removing  the  left  arm  it  may  be  more  convenient  to  stand  to 
the  outer  side  of  the  extremity. 

The  precise  position  of  the  circular  incision  below  the  level 
of  the  future  sa\v^-cut  must  vary  with  the  site  of  the  amputa- 
tion and  the  condition  of  the  limb.  It  is  indicated  in  the 
descriptions  of  the  particular  amputations. 

The  general  method  of  performing  the  operation  may  be 
illustrated  by  an  amputation  of  the  thigh.. 

The  surgeon  grasps  the  limb  above  the  site  of  the  incision 
with  the  left  hand  and  retracts  the  skin. 

In  this  retraction  he  should  be  aided  throughout  the 
operation  by  an  assistant,  who  draws  up  the  soft  parts  both 
before  and  after  division  with  both  hands,  one  applied  to  either 
side  of  the  limb.  In  this  way  a  much  more  even  and  com- 
plete retraction  is  obtained  than  is  possible  if  the  surgeon 
relies  upon  his  left  hand  alone. 

Grasping  the  knife  in  the  full  hand — as  he  would  hold  a 
pruning-knife — the  operator  passes  his  arm  beneath  the  limb 
and  brings  the  knife  over  its  upper  surface.  The  incision  is 
commenced  with  the  heel  of  the  blade,  while  the  point  is 
directed  towards  the  operator's  feet.  The  cut  should  begin 
Avell  upon  the  outer  side  of  the  thigh.  To  facilitate  this  an 
assistant  should  rotate  the  limb  inwards  to  its  utmost. 

In  drawing  the  knife  round  the  limb  the  surgeon  cuts  from 
the  heel  of  the  knife  to  the  point.  As  the  blade  passes  round 
the  thigh  the  assistant  who  holds  the  leg  rotates  the  extremity 
outwards,  so  as  to  make  the  skin  (as  it  were)  meet  the  surgeon's 
knife. 

The  incision  can  be  made  to  traverse  two-thirds  or  more 
of  the  circumference  of  the  thigh  in  one  sweep  and  without 
the  hold  upon  the  knife  being  altered.  The  remaining  part 
of  the  circular  wound  i?  completed  by  a  separate  cut  made  in 
the  opposite  direction,  i.e.,  by  cutting  from  the  commencement 
of  the  first  incision  to  the  point  where  it  ended.  While 
effecting  this  the  limb  is  once  more  fully  rotated  inwards. 

Some  surgeons  appear  to  consider  it  important  that  the 
circular  cut  should  be  made  in  one  sweep  of  the  knife.  To 
effect  this  the  surgeon  has  to  crouch  down,  or  even — according 
to  the  advice  of  some — to  rest  upon  one  loiee  when  commencing 
the  incision.    During  the  passage  of  the  knife  around  the 
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thigh,  the  operator  has  to  alter  his  grasp  of  the  handle.  This 
single  circular  sweep  may  be  admirable  as  a  demonstration  of 
sleight  of  hand,  and  may  be  considered  to  justify  the  some- 
what ridiculous  attitudes  assumed  by  the  performer.  As  a 
surgical  procedure  it  is  not  to  be  commended.  The  incision 
so  effected  is  usually  imperfectly  made,  and  is  almost  invariably 
of  unequal  depth,  for  in  the  terminal  part  of  the  circle  the 
surgeon  has  a  diminished  control  over  the  blade. 

From  repeated  experiments,  I  think  I  may  say  that  a 
circular  division  of  muscles,  in  a  large  limb,  made  by  one 
sweep  of  the  knife  is  invariably  defective  and  unequal. 

In  dividmg  the  integuments,  the  blade  should  be  kept 
throughout  absolutely  perpendicular  to  the  surface,  and  should 
extend  no  deeper  than  the  deep  fascia. 

The  next  step  in  the  operation  consists  in  freeing  the 
integuments  so  that  they  can  be  further  retracted. 

While  the  assistant,  directed  and  aided  by  the  surgeon's 
left  hand,  draws  up  the  divided  skin  fully  and  evenly,  the 
knife  is  passed  round  the  limb  close  to  the  edge  of  the  skin, 
so  as  to  divide  all  bands  connecting  the  integument  with  the 
deeper  tissues.  Especial  and  distinct  bands  are  usually  found 
in  the  lines  of  the  main  inter-muscular  septa. 

In  eSecting  this  freeing  of  the  skin,  the  knife  must 
throughout  be  kept  perpendicular  to  the  surface.  It  is  un- 
desirable to  pass  the  blade  obliquely  beneath  the  integument 
for  the  purpose  of  dividing  its  connections.  Such  a  plan  does 
not  hasten  the  retraction,  nor  make  it  more  complete.  It 
tends  to  render  it  uneven,  and  to  damage  the  future  skin- 
covering  of  the  stump.  In  the  ordinary  circular  amputation 
the  skin  is  not  dissected  up. 

"When  the  retraction  of  the  skin  is  complete,  the  muscles 
should  be  laid  bare  and  be   covered  only  by  the  deep 


The  knife  is  now  passed  through  the  superficial  muscles 
precisely  in  the  same  way  as  it  was  made  to  traverse  the 
skin.  The  blade  is  kept  close  to  the  divided  integuments, 
and  still  quite  perpendicular  to  the  surface.  The  soft  parts 
are  fully  and  evenly  retracted,  and  the  limb  is  rotated  to  meet 
the  knife  in  the  manner  already  described. 

The  divided  tissues  are  again  well  and  regularly  retracted, 


290 


OPERATIVE  8UBGEB7. 


and  the  knife  by  a  third  circular  sAveep  passes  through  the 
deeper  muscles  and  reaches  the  bone. 

A  fourth  incision  may  be  needed  to  fully  clear  the  bone 
of  muscle  tissue,  and  this  can  best  be  effected  by  a  stout 
scalpel. 

Throughout  the  operation  care  must  be  taken  that  the 


Fig.  75. — CIRCULAR  AMPUTATION  (I  la  niaiichette. 


retraction  is  even — or  is  modified  as  required — and  that  the 
knife  is  held  always  Avith  a  perpendicular  blade. 

The  formation  of  a  periosteal  flap  is  considered  below 
(page  305). 

The  severed  muscles  now  form  a  cone,  the  apex  of  which 
is  at  the  bone  bared  for  the  saw. 

The  retractor  is  applied  and  the  bone  sawn  through. 

In  the  description  which  follows,  illustrations  of  the 
ordinary  circular  amputation  are  afforded  by  an  amputation 
of  the  arm  (page  375),  and  an  amputation  of  the  thigh  (page 
514). 
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B.  The  circular  amputation  d  la  mxanchette  is  adapted  for 
parts  where  the  covering  of  the  bones  is  scanty  and  is  com- 
posed of  irregular  tissues.  Such  a  region  is  best  illustrated  by 
the  wrist,  where  the  bones  are  surrounded  by  many  tendons, 
and  where  muscular  tissue  is  scanty  and  unevenly  disposed. 

In  this  method  of  amputating,  the  skin  and  subcutaneous 
tissues  are  dissected  up  in  the  form  of  a  cuff,  or  manchette, 
and  are  turned  back  like  the  cuff  of  a  coat. 

The  skin  is  divided,  as  in  the  previous  operation,  by  a 
circular  incision,  and  is  then,  together  with  the  subcutaneous 
tissues,  turned  back  as  shown  in  Fig.  75.  The  turning  back 
of  this  cuff  is  mainly  effected  by  the  fingers  of  the  surgeon's 
left  hand.  The  skin  is  freed  by  the  knife,  which  should  always 
be  held  perpendicular  to  the  surface.  The  cuff  is  not  dissected 
up.  It  is  gently  freed  and  turned  up.  If  the  knife  be  passed 
obliquely  beneath  the  skin  which  has  to  be  everted,  it  is  apt  to 
be  needlessly  damaged. 

The  cuff  must  be  even  and  regular,  and  of  a  size  pre- 
viously determined  upon. 

The  soft  parts  are  then  divided  by  a  circular  sweep,  with 
the  knife  at  the  level  of  the  retracted  and  everted  skin. 

But  one  such  incision  will  probably  be  necessary. 

It  is  only  about  the  wrist  or  the  lower  part  of  the  fore- 
arm that  a  real  cuff  of  skin  can  be  formed. 

In  the  arm  or  the  thigh  of  thin  and  wasted  subjects  the 
formation  of  a  "cuff"  is  possible,  but  should  not  be  practised, 
inasmuch  as  it  involves  a  needless  disturbance  and  damag'inQ- 
of  the  integuments  which  will  cover  the  future  stump. 

In  the  lower  part  of  the  leg,  in  the  region  of  the  ankle, 
a  manchette  may  be  formed  in  thin  subjects,  but  it  is  not 
easy  to  effect,  and  should  not  be  carried  out,  for  the  reasons 
already  mentioned.  The  difficulty  of  retracting  the  skin  in 
this  region  is  usually  met  by  making  one  or  more  vertical 
incisions  in  the  integument  in  addition  to  the  regular  circular 
incision. 

The  present  variety  of  the  circular  amputation  is  therefore 
practically  limited  to  amputations  through  the  wrist  or  lower 
part  of  the  fore-arm,  and  is  illustrated,  in  the  account  which 
foUows,  by  the  latter  operation  (page  358). 

The  two  forms  of  circular  amputation  may  be  to  some 
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extent  combined,  a  cuff  of  skin  being  turned  up  ui^on  one 
aspect  of  the  limb  and  the  integuments  simply  retracted  upon 
the  other.  This  is  illustrated  by  the  circular  amputation  of 
the  leg  at  the  place  of  election  (page  485). 

In  order  to  allow  for  unequal  retraction  of  the  skm  in 
some  parts,  the  circular  incision  may  have  to  be  obliquely 
placed.  It  ceases,  however,  to  be  oblique  when  the  integu- 
ments have  been  allowed  to  retract.  An  illustration  of  this  is  af- 
forded by  the  circular  amputation  at  the  elbow-joint  (page  3G6). 

2.  The  Modified  Circular  Method.  —  Three  important 
modifications  need  to  be  described:  (a)  In  addition  to  the 
circular  cut  through  the  integuments,  a  vertical  incision  is 
made  to  join  the  original  wound.  The  skin  on  either  side  of 
this  vertical  cut,  and  at  the  points  where  the  cut  joins  the 
circle,  is  then  reflected  in  the  form  of  two  imperfect  skin  flaps. 

This  jriodification  is  illustrated  by  one  form  of  supra- 
malleolar amputation  (page  460). 

(h)  Two  vertical  incisions  are  made  to  join  the  circular 
wound.  By  this  use  of  the  knife,  two  square  skin  flaps  can 
be  dissected  up,  and  the  muscles,  when  exposed,  can  be 
divided  by  a  circular  sweep  of  the  knife. 

This  plan  is  also  described  among  the  supra-malleolar 
amputations. 

(c)  The  modification  suggested  by  Listen,  and  extensively 
practised  by  Syme — with  whose  name  the  method  is  asso- 
ciated— is  strongly  recommended  by  many  surgeons  of  the 
present  day.  Two  very  short  flaps,  of  semi-lunar  outline,  and 
of  equal  width  and  length,  are  dissected  up.  They  are  com- 
posed simply  of  the  skin  and  the  subcutaneous  tissues,  and 
consist  of  little  more  than  curved  incisions  made  across 
opposite  surfaces  of  the  limb,  each  being  equal  to  one-half  of 
the  circumference  of  the  limb. 

The  skin  beyond  the  bases  of  the  little  flaps  is  then  re- 
tracted as  a  whole,  just  as  in  the  usual  circular  amputation. 
When  the  retraction  has  been  carried  to  a  suflicient  extent, 
the  muscles  are  divided  by  circular  incisions  in  the  usual 
way.  This  method  is  illustrated  by  an  amputation  of  the 
thigh  (page  515). 

3.  The  Elliptical  Method. — This  operation  was  adopted  by 
Sharpe,  of  Guy's  Hospital,  as  an  improvement  on  the  circular 
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method,  in  tlie  middle  of  the  last  century.  French  surgeons 
attribute  the  operation  to  Soupart,  of  Liege  (1847),  and  style 
it  la  methode  de  Soupart.  It  is  sometimes  described  as  a 
variety  of  the  oval  method.  It  occupies  an  intermediate 
position  between  the  circular  operation  and  the  amputation 
by  a  single  flap. 

The  incision  in  the  skin  is  elliptical  or  lozenge-shaped 
(Le  mode  losangique).  The  position  and  inclination  of  the 
ellipse  vary  according  to  the  site  of  the  amputation,  and 
have  to  be  carefully  estimated  (see  Disarticulations  at  the 
Elbow-joint).  The  skin  and  subcutaneous  tissues  are  then 
retracted,  by  gliding,  as  in  one  amputation  at  the  wrist  (page 
348),  or  by  the  turning  up  of  a  cuff,  as  in  the  disarticulation 
at  the  elbow  by  a  posterior  elhpse  (page  368),  or  by  the 
separation  of  a  definite  flap,  as  in  Guyon's  supra-malleolar 
amputation  (page  464). 

The  muscles  are  usually  divided  as  in  the  circular  opera- 
tion. They  may  be,  however,  cut  in  part  by  transfixion,  as  in 
the  disarticulation  at  the  elbow-joint  by  an  anterior  ellipse. 

The  elliptical  method  is  well  adapted  for  amputations 
through  certain  joints,  and  is  illustrated  in  the  following 
sections  by  the  operations  just  alluded  to. 

4.  The  Oval  or  Racket  Method. — The  oval  operation,  or 
the  method  of  Scoutetten,  was  definitely  formulated  by  that 
surgeon  in  1827.  The  skin  incision  takes  the  form  of  an 
oval  with  one  end  pointed,  or  of  an  isosceles  triangle  rounded 
at  its  base.  The  edges  of  the  resulting  wound  are  united  in 
its  long  axis.  The  soft  parts  "beneath  the  skin  are  divided 
down  to  the  bone  by  cutting  from  without  inwards.  This 
operation  is  illustrated  on  a  small  scale  by  some  amputations 
at  the  joints  of  the  fingers  and  toes,  and  on  a  larger  scale  by 
Guthrie's  amputation  of  the  arm  just  below  the  tuberosities  of 
the  humerus  (page  381). 

A  modification  of  the  oval  method  is  accredited  to  Mal- 
gaigne  (1837).  To  obtain  a  better  exposure  of  a  joint  without 
loss  of  substance,  and  to  aflbrd  a  better  covering  for  the 
bone  in  the  upper  part  of  the  wound,  Malgaigne  extended  a 
longitudinal  cut  from  the  apex  of  the  oval,  producing  thus 
I'incinion  en  raquette,  the  longitudinal  wound  forming  the 
handle  of  the  "  racket."    This  incision  is  also  called  by  the 
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French  I'incision  en  croiqn^re,  and  in  some  amputations  it 
certainl}'-  more  closely  conforms  to  the  outline  of  a  "  crupper  " 
than  to  that  of  a  "  racket." 

In  this  category  is  placed  also  the  T-shaped  incision — an 
incision  formed  of  a  circular  cut  joined  by  a  longitudinal  one. 
The  racket,  crupper,  and  T-shaped  incisions  are  best  illus- 
trated by  disarticulations  at  the  metacarpo-phalangeal  and 
metatarso-phalangeal  lines  of  joints  (Figs.  82  and  100). 

Amputation  by  the  racket  incision  is  also  illustrated  by 
certain  disarticulations  at  the  shoulder  and  at  the  hip 
joints. 

5.  The  Flap  Method.— The  methods  of  perfornnng  am- 
putation by  means  of  flaps  are  numerous  and  varied,  and 
have  been  subjected  from  time  to  time  to  so  many  modi- 
fications and  re-modifications  that  a  systematic  classification 
of  flap  methods  is  scarcely  possible. 

A,  Skin  Flaps  and  Muscle  Flaps. — Any  flap  or  flaps  may 
be  composed  of  the  integuments  only,  or  of  the  integuments 
and  the  subjacent  muscular  tissue.  Some  difference  of  opinion 
has  existed  as  to  the  merits  of  skin  flaps  and  muscle  flaps. 

In  every  flap  the  skin  must  be  cut  longer  than  the  muscle 
tissue.  A  flap  containing  too  much  muscular  tissue  is  un- 
wieldy ;  it  is  difficult  to  adjust,  and  the  muscle  is  certain  to 
protrude.  In  endeavouring  to  bring  the  edges  of  the  skin 
together,  undue  strain  is  apt  to  be  placed  upon  the  sutures. 
Much  of  the  muscle  tissue,  being  far  removed  from  its  blood 
supply,  may  slough.  If,  however,  the  part  heals  well,  the 
resulting  stump  is  firm  and  well-rounded,  and  the  end  of  the 
bone  is  well  covered. 

A  flap  composed  of  skin  only  is  very  apt  to  slough.  This 
tendency  is  least  observed  in  the  integuments  about  joints, 
where  the  vascular  supply  of  the  skin  is  derived .  from  man}'- 
channels ;  elsewhere  an  extensive  skin-flap  is  very  liable  to 
perish  for  lack  of  blood.  The  skin-flap  is  easily  adjusted  and 
falls  readily  into  place.  It  affords,  on  the  other  hand,  but  a 
slight  covering  to  the  bone,  and  a  scanty  protection  to  the 
stump.  The  skin,  however,  in  some  regions  is  accustomed 
to  withstand  pressure,  and  affords  an  excellent  covering  for 
the  stump.  Such  regions  are  illustrated  by  the  heel,  the 
front  of  the  knee,  and  the  back  of  the  elbow. 
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It  is  urged  that  the  skin  covering  a  stumj)  does  not  waste 
to  an  appreeiable  extent,  but  that  the  muscular  tissue  con- 
tained therein  undergoes  complete  atrophy  in  the  course  of 
time,  so  that  the  stump  fashioned  out  of  muscle-flaps  is 
reduced  at  some  period  to  the  condition  of  a  stump  with  a 
covering  composed  of  integument  only. 

While  it  is  true  that  the  actual  muscle  fibres  in  the  stump 
become  more  or  less  completely  atrophied,  there  remains 
behind  a  solid  pad  of  fibrous  tissue  in  Avhich  the  sheaths  and 
fibrous  connections  of  the  divided  muscles  form  the  most  im- 
portant elements,  and  in  which  the  bone  is  buried. 

In  general  terms  therefore  it  may  be  said  that  the  best 
flaps  are  those  which  contain  muscular  tissue,  provided  ahvays 
that  the  skin  covering  the  stumps  be  longer  than  the  divided 
muscles  which  it  contains.  The  amount  of  muscle  contained 
in  the  flap  must  depend  upon  the  situation  of  the  amputation, 
the  contractility  of  the  divided  muscles,  and  the  covering 
required  for  the  bone.  If  it  be  considered  desirable  that  a  flap 
should  contain  a  main  artery,  this  cannot  be  effected  unless  a 
muscular  flap  be  dissected  up. 

B.  Varieties  of  Flaps. — 1.  Single  Flap. — This  was  the 
original  method  of  Loivdham.  A  single  flap  involves  a  con- 
siderable sacrifice  of  tissues  upon  one  aspect  of  the  limb.  It  is 
Avell  adapted,  however,  for  certam  instances  of  amputation  for 
limited  injury  or  disease. 

As  an  example  of  amputation  by  single  flap  formed  of  skin 
only  may  be  cited  the  disarticulation  at  the  knee-joint 
by  a  long  anterior  flap  (page  497),  and  as  examples  of  single 
muscular  flaps  Farabeuf's  amputation  of  the  leg  at  the  place  of 
election  (page  479),  the  disarticulation  at  the  wrist  by  a  single 
external  flap  (page  352),  and  the  amputation  at  the  shoulder- 
joint  by  a  deltoid  flap  (page  391)  may  be  quoted. 

2.  Double  Flaps. — Ravaton  (1739)  made  a  circular  incision 
down  to  the  bone,  and  then  added  a  longitudinal  cut  on 
either  side  of  the  limb,  so  as  to^  form  two  square  flaps,  each 
equal  to  half  the  thickness  of  the  limb.  These  so-called  flaps 
consisted  of  unwieldy  square  blocks  of  muscle,  and  the 
resulting  stump  was  uncouth.  "  Ravaton' s  method"  although 
the  prototype  of  the  operation  by  double  flaps,  cut  from  with- 
out inwards,  soon  ceased  to  be  practised. 
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Vervude's  method  laid  the  foundation  of  the  double-flap 
operation  of  modern  times.  Vermalc  cut  both  flaps — Avhen- 
ever  possible — by  transfixion,  and  was  thus  enabled  to  fashion 
them  more  neatly  and  to  reduce  the  amount  of  muscular 
tissue  left  in  the  stump. 

Sddillot's  method'  differed  from  Verraale's  in  that  the 
operator,  instead  of  keeping  his  knife  close  to  the  bone  in 
transfixing,  passed  the  knife  through  the  muscles  nearer  to  the 
surface  of  the  limb.  Each  flap  so  fashioned  contained  but  a 
small  portion  of  muscular  tissue.  The  remaining  muscles, 
together  with  the  great  vessels,  were  then  divided  by  a  circular 
incision  and  the  amputation  completed  as  in  the  ordmary 
circular  operation. 

This  procedure  is  nearly  identical  with  the  modified 
circular  method. 

Langenheck's  method  consists  in  cutting  double  flaps  from 
without  inwards,  thus  elaborating  Ravaton's  operation.  This 
plan  enables  the  surgeon  to  fashion  the  flaps  with  great 
precision,  and  it  is  the  method  of  flap-cutting  most  usually 
adopted  at  the  present  day. 

A  combination  of  the  two  last-named  methods  soon  became 
common  in  amputation  through  the  leg.  The  anterior  flap 
was  cut  from  without  inwards  and  the  posterior  by  trans- 
fixion. 

Some  surgeons  (Dupuytren,  Larrey)  made  the  skin 
incisions  by  cutting  from  without  inwards,  and  then  com- 
pleted the  flaps  by  transfixion.  {See,  as  an  example,  amputa- 
tion of  the  arm  by  antero-posterior  flaps.) 

Among  the  more  specialised  methods  of  cuttmg  flaps  may 
be  named  Teule's  method,  fully  described  in  the  account  of 
amputation  of  the  leg ;  and  Listers  method,  which  is  detailed 
in  the  description  of  amputation  through  the  condyles  of  the 
femur. 

Double  flaps  may  be  lateral  or  antero-posterior.  They  may 
be  equal  in  size  or  unequal.  In  order  to  meet  the  cylindrical 
form  of  the  limb,  the  flaps  will  be  better  fitting  if  made  of 
U  shape  than  if  cut  square.  Double  flaps  are  generally  so 
made  as  to  be  equal  in  Avidth. 

Examples  of  every  form  of  double  flap  occur  in  the  descrip- 
tion of  individual  operations  which  follows. 
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c.  Modest  of  Gidting  Flaps. — The  methods  oi  fashioning 
flaps  have  been  ah*eady  in  general  terms  aUuded  to.  Con- 
sidered more  in  detail,  and  from  the  point  of  view  of  the 
manipulation  of  the  Icnife,  three  methods  of  cutting  flaps  may- 
be specified : — 

1.  By  transfixion. 

2.  By  cutting  from  without  inwards  {par  entaille). 

3.  By  dissection  (par  desossement). 

1.  In  cutting  by  transfixion  a  long. knife,  equal  in  length 
to  one  diameter  and  a  half  of  the  limb,  is  employed.  The 
following  is  the  descrij)tion  of  an  amputation  of  the  arm 
by  double  flaps  cut  by  transfixion  as  given  in  Heath's 
"  Operative  Surgery  "  : — "  The  hmb  being  held  away  from  the 
trunk  by  an  assistant,  the  operator  grasps  the  biceps,  with 
the  brachial  vessels  and  nerves,  and  entering  the  point  of 
the  knife  upwards  close  below  his  thumb,  passes  it  in  front 
of  the  humerus,  depressing  the  point  as  it  appears  on  the 
opposite  side  close  to  the  operator's  fingers.  With  a  steady 
sawing  movement,  a  flap  from  two  to  three  inches  long  is  cut, 
Avith  the  skin  left  longer  than  the  muscles.  Drawing  up  the 
flap  with  his  fingers,  the  operator  passes  the  knife  behind  the 
bone,  and  cuts  a  slightly  larger  flap  behind,  bringing  out  the 
knife  abruptly  at  the  last.  Both  flaps  being  gently  retracted, 
the  knife  is  .swept  round  the  bone,  which  is  then  sawn  steadily 
through,  the  thumb  and  fingers  of  the  left  hand  protecting  the 
soft  tissues." 

By  another  method  the  skin  incisions^  may  be  made  by 
cutting  from  without  inwards  and  the  exposed  muscles  be 
then  divided  by  transfixion.  This  is  illustrated  by  the  ampu- 
tation of  the  arm  by  antero-posterior  flaps  (page  37 6). 

2.  In  cutting  a  flap  from  without  inwards,  the  outline  of 
the  future  flap  is  at  first  marked  out  by  an  incision  which 
concerns  only  the  skin  and  the  subcutaneous  tissues.  When 
the  skin  has  retracted,  the  muscles  are  divided  down  to  the 
bone  by  cutting  from  without  inwards. 

For  this  purpose  a  small  but  strong  knife  is  employed 
(Fig.  74),  and  the  edge  is  directed  obliquely  towards  the  bone, 
so  that  the  muscular  tissue  shall  be  cut  unevenly,  the  thinnest 
section  being  along  the  margin  of  the  flap,  the  thickest  at  its 
base. 
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An  illustration  of  this  method  is  afforded  by  the  dis- 
articulation at  the  shoulder-joint  by  an  external  or  deltoid 
flap  (page  391). 

As  the  skin  is  allowed  to  retract  before  any  muscular  tissue 
is  cut,  the  integument  of  thestunqj  nnist  of  necessity  be  longer 
than  the  contained  muscle. 

8.  In  separating  a  flap  by  dissection,  the  flap  is  at  first 
marked  out  by  a  skin  incision,  and  when  the  integuments  have 
sufficiently  and  evenly  retracted  the  muscular  part  of  the  flap 
is  cut  with  great  care.  The  knife  is  passed  obliquely  through 
the  muscle  to  the  bone,  and  the  soft  parts  forming  the  apex  of 
the  flap  having  been  completely  divided,  the  rest  of  the  deeper 
tissues  of  the  flap  are  very  carefully  dissected  up  or  peeled  off* 
from  the  bone. 

This  method  is  well  illustrated  by  the  amputation  of  the 
leg  at  the  place  of  election  by  a  single  external  flap. 

Here  the  flap,  from  its  base  to  its  apex,  contains  the 
anterior  tibial  artery,  and  the  mass  of  muscular  tissue  forming 
the  flap  is  peeled  from  the  tibia,  flbula,  and  mterosseous 
membrane. 
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CHAPTER  VI. 

The  Selection  of  Methods  for  Amputating. 

In  selecting  a  specitic  method  for  performing  an  amputa- 
tion respect  must  be  had  for  the  adage  that  "  the  coat  must 
be  cut  according  to  the  cloth."  Each  case  must  be  taken  upon 
its  merits,  and  regard  be  observed  for  the  structural  condition 
of  the  limb. 

A  method  Avell  adapted  for  a  stout  or  muscular  subject  in 
the  prime  of  hfe  may  not  be  suited  for  an  identical  operation 
when  performed  upon  a  much-wasted,  aged,  or  cachectic  in- 
dividual. In  performing  a  circular  amputation,  retraction  of 
the  skin  may  be  rendered  difficult  by  reason  of  existing  oedema 
or  induration ;  or  the  integuments  may  have  been  rendered 
rigid  and  adherent  by  a  long-abiding  mflammation. 

The  muscles  also  may  not  contract  when  divided ;  they 
may  be  found  atrophied,  or  converted  into  fatty  or  fibrous 
tissue,  or  be  matted  together  by  inflammation,  or  be  paralysed 
from  disease  or  disuse. 

Flaps  likewise  may  have  to  be  modified  to  avoid  diseased 
districts,  ulcers,  sinuses,  and  the  Kke.  The  skin  and  muscles 
may  not  contract  on  division.  The  muscular  tissue  may 
be  so  atrophied  that  enough  scarcely  remains  to  form  the 
substance  of  a  substantial  flap. 

The  main  artery  of  the  hmb,  or  the  vessel  which  is  to 
form  the  prmcipal  artery  of  the  flap,  may  be  found  to  be 
occluded  and  the  circulation  to  be  diverted  into  many  collateral 
channels.  In  such  case  the  main  vessels  may  scarcely  rccpiire 
a  ligature,  while  hoBmorrhage  will  occur  from  a  number  of 
divided  arteries  anatomically  insignificant. 

It  is  recommended  in  some  amputations — notably  the  am- 
putation of  the  leg  by  a  large  posterior  flap — that  the  main 
nerve  (in  the  case  cited,  the  posterior  tibial)  should  bo 
removed  by  dissection.    On  performing  the  operation  the 
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nerve  may  be  found  to  be  buried  among  a  mass  of  inflam- 
matory material,  and  its  excision  to  be  so  difficult  as  to  render 
the  necessary  prolongation  of  the  operation  unjustifiable. 

In  the  conunonts  upon  the  various  methods  of  amputating 
described,  the  comparative  value  of  each  procedure  is  dis- 
cussed. 

It  is  difficult  to  claim  an  unreserved  superiority  for  any 
one  method.  While  in  one  situation  the  circular  amputation 
is  undoubtedly  the  best,  in  another  it  is  with  equal  certainty 
the  least  efficient  method  of  dealing  with  the  part.  The 
same  may  be  said  of  any  one  method  of  performing  amputa- 
tion by  the  cutting  of  flaps. 

The  main  points  to  be  considered  in  the  selection  of  a 
method  are  the  following : — 

1.  The  least  sacrifice  of  the  healthy  tissues  of  the  limb. 

2.  The  providing  of  a  good  and  permanent  covering  for  the 
bone. 

3.  The  obtaining  of  as  small  a  wound  area  as  is  con- 
sistent with  the  proper  performance  of  the  amputation. 

4.  The  securing  of  a  good  blood  supply  for  the  flaps  or 
tissues  which  will  form  the  stump. 

5.  The  production  of  a  well-adjusted  cicatrix,  and  one 
so  placed  as  to  assist  the  healing  process,  secure  efficient 
drainage,  and  be  removed  from  pressure  when  the  stump  has 
healed. 

6.  The  ease  with  which  the  bone  can  be  exposed  at  the 
saw-line,  and  the  general  simplicity  of  the  method. 

7.  The  cutting  of  the  main  vessels  transversely. 

8.  The  rapidity  with  which  the  amputation  can  be  per- 
formed. 

The  last  point,  which  was  at  one  time  almost  the  most 
important,  is  now  one  of  the  least  to  be  considered.  Before 
the  days  of  anaesthetics,  speed  was  the  primary  good  quality 
in  any  amputation  method,  and  it  was  customary  to  estimate 
the  value  of  a  procedure,  first  of  all,  by  the  number  of  seconds 
or  minutes  involved  in  the  removal  of  the  limb. 

Chloroform  and  ether  have  entirely  changed  this  ground 
for  criticism — wider  issues  are  now  concerned ;  the  minimum 
sacrifice  of  parts,  and  the  well-being  and  utility  of  the  stump, 
are  now  primary  considerations,  and  amputations  are  effected 


METHODS  OF  AMPUTATING. 


with  some  of  the  care  and  precision  which  characterise  the 
plastic  operations  of  surgery. 

The  elliptical  and  oval  methods  require  no  further  con- 
sideration. They  are  founded  upon  the  circular  operation,  are 
of  limited  application,  and  are  admirably  adapted  to  the  parts 
at  which  they  are  practised. 

In  comparing  the  circular  and  flap  methods  one  con- 
spicuous consideration  is  the  resulting  wound  area. 

The  investigations  of  Farabeuf  show  that  in  a  limb  with  a 
diameter  of  10  cm.  the  wound  area  {la  surface  saignante)  of 
the  stump  will  be  110  square  cm.  after  both  the  ordinary 
circular  amputation  and  the  amputation  by  two  equal  rounded 
flaps,  and  will  be  125  square  cm.  after  an  amputation  by  a 
single  rounded  flap. 

The  circular  operation  provides,  then,  a  small  wound  sur- 
face. It  involves  the  least  sacrifice  of  the  healthy  limb  ;  it  is 
easily  performed ;  the  blood-vessels  and  muscles  are  cut 
cleanly  and  transversely,  and  the  soft  parts  covering  the  bone 
are  well  supplied  with  blood. 

On  the  other  hand,  the  operation  cannot  be  Avell  performed 
without  an  assistant ;  the  exposure  of  the  bone  at  the  saw- 
line  is  not  always  effected  with  ease  and  without  undue 
disturbance  of  the  soft  parts,  and  the  edges  of  the  wound  do 
not  fall  easily  together.  Moreover,  in  muscular  limbs  the 
after-retraction  of  the  divided  muscles  is  very  apt  to  lead  to 
a  conical  stump.  Indeed,  one  of  the  most  common  examj)les 
of  such  a  stump  is  provided  by  carelessly  performed  circular 
amputations  of  the  thigh  in  muscular  subjects. 

In  wasted  individuals,  and  under  conditions  where  mus- 
cular retraction  is  inconsiderable,  this  objection  does  not 
hold. 

The  circular  method  is  not  adapted  for  cases  of  injury  or 
disease  when  the  parts  near  the  site  of  the  amputation  are 
unequally  involved. 

The  flap  method,  as  represented  by  flaps  cut  either  from 
without  inwards  or  by  dissection  (see  page  297),  is  capable  of 
adapting  itself  to  many  conditions  and  to  any  part. 

It  is  particularly  valuable  in  instances  of  unequal  de- 
struction of  the  parts  of  a  limb. 

The  area  of  the  wound  surface  may  be,  as  already  pointed 
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out,  larger,  and,  other  things  being  equal,  it  may  be  allowed 
that  the  flap  operation  involves  a  greater  sacrifice  of  tissue  than 
does  the  circular.  The  blood-vessels  may  be  cut  obliquely, 
and  may  even  be  slit  up.  The  muscles  are  divided  obliquely. 
In  long  flaps  there  is  a  danger  of  their  tissues  perishing  from 
an  insufficient  blood  supply.  The  operation  is  in  some 
forms  difficult,  but  can  usually  be  performed  with  less 
skilled  assistance. 

On  the  other  hand,  the  bone  at  the  saw-line  can  be 
readily  exposed ;  the  flaps  fall  easily  together  ;  the  site  of  the 
future  scar  can  be  modified  as  required  ;  the  coverings  of  the 
stump  can  be  fashioned  so  as  to  meet  the  varying  conditions 
of  the  limb,  and  the  development  of  a  conical  stump  can  be 
more  surely  avoided  after  a  flap  amputation  than  after  the 
circular  operation. 

As  to  the  cutting  of  the  flaps  themselves,  the  methods  by 
cutting  from  without  in  and  by  dissection  are,  beyond  doubt, 
the  best.  Flaps  so  fashioned  can  be  formed  with  great  pre- 
cision. The  proportion  of  contained  tissue  can  be  determined 
with  accuracy,  and  the  exact  relations  between  the  amount  of 
skin  and  of  muscle  covering  the  bone  can  be  regulated  with 
ease.  Main  vessels  need  never  be  slit  up,  and,  indeed,  under 
many  conditions  these  structures  may  be  exposed  and  secured 
before  division.  By  these  methods  also  the  smallest  possible 
section  of  muscles  can  be  accomplished. 

Some  part  of  a  flap  may  be  conveniently  cut  by  transfixion, 
as  in  Hey's  amputation  through  the  middle  of  the  leg,  and 
the  disarticulation  at  the  elbow-joint  by  the  elliptical  method. 
The  part  so  divided  must  belong  to  the  muscular  portion  of 
the  flap. 

The  cutting  of  a  large  flap  by  transfixion  alone,  in  such  a 
way  that  the  knife  divides  both  muscles  and  integument  at 
one  sweep,  is  to  be  strongly  condemned. 

The  method  has  one  reconnnendation  only — it  is  rapid. 

If  the  rapidity  with  which  a  limb  can  be  removed  should 
prove  in  any  case  to  be  a  matter  of  the  first  importance, 
then  the  amputation  by  flaps  cut  by  transfixion  may  be 
entertained.  Such  operations  are  -described  in  connection 
with  amputations  of  the  thigh,  and  disarticulations  at  the 
hip- joint. 
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The  following  objections  are  to  be  urged  against  the  trans- 
fixion method : — The  surgeon  has  little  control  over  the  large 
knife  he  must  employ.  The  flaps  cannot  be  cut  with  pre- 
cision, nor  can  their  thickness  be  very  accurately  gauged. 
The  skin  is  divided  together  with  the  superficial  layer  of 
muscular  tissue.  The  muscles  themselves  are  cut  obliquely. 
The  main  vessels  may  be  transfixed,  or  maj'  be  cut  unduly 
short,  or  may  be  sliced  up.  Much  tissue  at  the  bases  of 
the  flaps  escapes  division,  and  requires  to  be  cut  before  the 
bone  can  be  cleared  for  sawing. 

The  method  belongs  to  the  past,  to  a  period  of  "brilliant  " 
surgery,  when  the  shrieking  and  terror-stricken  patient  was 
held  in  the  amputation-chair  by  many  lusty  assistants, 
and  the  operator's  pupil  stood  by  with  a  fob-watch  in  his 
hand. 
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CHAPTER  VII. 

General  Points  in  the  Performance  of  Amputations. 

A.  The  Handling  of  the  Knife. — It  is  needless  to  point 
out  that  an  aniputating-knife  is  a  powerful  instrument,  with 
the  edge  of  a  razor,  and  that  it  must  be  wielded  with  in- 
finite care  and  precision.  It  is  a  dangerous  instrument  in 
the  hands  of  the  surgeon  who  believes  that  limbs  should 
be  "  slashed  off,"  and  that  an  operator's  ability  is  to  be 
estimated  by  the  number  of  seconds  involved  in  the  procedure. 
Flaps  should  be  planned  with  the  minutest  care,  and  it  is 
better  that  the  lines  of  the  intended  incisions'  should  be 
marked  upon  the  limb  in  crayon  before  the  operation  than 
that  the  surgeon  should  trust  to  his  eye  and  the  hope  that 
"  the  flaps  will  come  together."  Each  incision  should  be  made 
deliberately,  and  should  be  final. 

The  "  trimming  "  of  flaps  is  usually  an  evidence  of  incom- 
petence. 

The  greatest  possible  care  should  be  taken  of  the  principal 
arteries,  lest  the  stump  be  left  aniemic. 

In  the  hasty  and  careless  cutting  of  flaps,  especially  by 
transfixion,  it  is  very  easy  for  the  main  artery  of  the  part 
to  be  slit  up  or  divided  at  too  high  a  level. 

Nerves  and  tendons  should  be  cut  short,  arteries  long. 

In  dividing  tendons  a  sharp,  vigorous  cut  is  needed,  and 
the  tendon  should  be  put  upon  the  stretch  at  the  time  the 
knife  is  applied. 

If  after  the  limb  be  removed  any  tendons  are  left  "  long," 
i.e.,  hanging  from  the  surface  of  the  stump  (as  may  occur  after 
Syme's  amputation),  they  should  be  seized  with  bull-dog  arter}- 
forceps,  put  on  the  stretch,  and  divided  by  strong  scissors. 
Loose  tendons  are  not  readily  severed  by  a  knife. 

B.  The  Handling  of  the  Saw. — Care  should  be  taken,  in 
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the  first  place,  that  the  bone  is  not  bared  too  high  above  the 
site  of  the  future  saw-line. 

If  a  periofitedl  flap  is  to  be  made,  this  membrane  itself 
should  not  be  actually  exposed.  A  flap  large  enough  to  cover 
the  divided  end  of  a  bone,  and  composed  solely  of  periosteum, 
is  probably  useless  and  destined  to  slough. 

The  flap  should  contain  not  only  the  periosteum,  but  the 
deepest  muscular  layers  about  the  bone.  These  two  tissues 
should  be  separated  from  the  bone  together.  It  is  through 
the  muscular  tissues  that  the  blood-vessels  reach  the  peri- 
osteum. 

A  circular  incision  having  been  made  down  to  the  bone,  at 
a  proper  distance  below  the  intended  saw-line,  two  vertical 
incisions — one  on  either  side  of  the  bone— are  then  made  from 
the  site  of  the  saw-line,  to  join  the  circular  cut.  Two  equal 
flaps  of  musculo-periosteal  tissue  are  then  dissected  up  with  a 
periosteal  elevator,  are  carefully  protected  while  the  bone  is 
being  sawn,  and  are  allowed  to  fall  over  the  divided  end  of 
the  bone  wheii  the  flaps  are  adjusted.  If  thought  desirable, 
one  or  two  pomts  of  suture  may  be  introduced  to  secure  the 
little  flaps  in  place.  In  young  subjects  the  periosteum 
separates  readily,  and  the  same  may  be  said  in  some  instances 
of  operation  for  disease.  In  these  cases  the  vertical  incisions 
may  be  dispensed  with,  as  they  ma}'^  also  be  when  the  ampu- 
tation concerns  small  bones.  In  dealing  with  the  tibia  and 
femur,  however,  forcible  attempts  to  separate  a  periosteal 
sheath  without  the  aid  afl:brded  by  lateral  incisions  not 
improbably  inflict  a  permanent  damage  upon  the  little  flap. 
In  healthy  adults  the  membrane  is  often  difficult  to  detach. 

The  value  of  the  periosteal  flap  has  not  yet  been  clearly 
demonstrated  in  all  cases,  and  it  may  be  a  question  whether  it 
is  always  worth  the  time  involved  in  its  production.  Its  most 
elaborate  and  apparently  most  beneficial  application  has  been 
associated  with  amputations  at  the  hip-jomt. 

In  usinr/  the  mw,  the  first  care  is  to  make  a  groove  on  the 
bone  in  which  the  saw  shall  run  smoothly,  without  risk  of 
slipping  and  damaging  the  soft  parts  around. 

It  is  well  to  fix  the  thumb-nail  of  the  left  hand  into  the 
bone  just  above  the  saw-line,  while  the  blade  of  the  saw  is 
rested  and  steadied  against  the  knuclde  of  the  thumb, 
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The  saw  should  be  held  quite  lightly  at  first,  and  should  be 
drawn  from  heel  to  point  in  making  the  groove. 

The  bone  can  then  be  divided  by  long,  firm,  slow  cuts. 

The  whole  length  of  the  saw-blade  should  be  used.  The 
hand  should  be  light. 

Rapid  sawing  is  bad,  as  is  also  the  use  of  large  and  coarse- 
toothed  saws.  A  not  inconsiderable  amount  of  heat  is  de- 
veloped diunng  the  sawing  process,  and  it  is  possible  that  the 
superficial  necrosis  of  the  entire  sawn  end  of  the  bone,  some- 
times met  with  after  amputation,  may  be  due  to  the  rough  and 
violent  use  of  the  saw. 

As  the  division  of  the  bone  approaches  completion  the 
strokes  made  with  the  saw  should  be  short  and  again  very 
light. 

When  two  bones  require  division,  a  good  groove  should  first 
be  made  in  the  larger  one,  and  Avhen  the  saw  has  obtained  a 
sure  hold  its  edge  can  be  dropped  upon  the  smaller  bone. 

The  division  of  the  smaller  or  more  movable  bone  should  be 
completed  first. 

During  the  saAving  process,  MacCormac  advises  that  a  stream 
of  carbolised  water  should  be  allowed  to  pour  over  the  bone. 

Special  methods  for  dividing  the  tibia  and  fibula  are 
described  in  the  account  of  Farabeuf's  amputation  of  the  leg 
at  the  "  place  of  election." 

Every  care  should  be  taken  that  the  soft  parts  are  Avell 
protected  during  the  process  of  sawing. 

The  assistant  who  holds  the  limb  should  hold  it  horizontally 
and  at  right  angles  to  the  saw-blade.  If  the  limb  be  held  too 
high  or  too  low,  or  be  not  properly  supported  close  below  the 
site  of  the  amputation,  the  saw  is  apt  to  be  locked,  or  the 
bone  to  break  before  its  division  is  completed. 

The  assistant  should  draw  the  limb  away  from  the  trunk, 
while  at  the  same  time  he  supports  it  eflRciently. 

Any  splinters  of  bone  should  be  removed  with  bone-forceps. 

The  division  of  small  bones,  such  as  those  of  the  fingers 
or  metacarpus,  by  bone-forceps  is  to  be  condenmed.  By 
such  division  the  bone  is  crushed  and  splintered,  and  need- 
lessly damaged.  This  is  especially  the  case  Avith  the  bones  of 
well-developed  adults  and  of  aged  persons. 

The  division  of  these  slender,  long  bones  is  best  effected  by 
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means  of  a  veiy  line  saw,  and  for  the  purpose  the  smallest 
form  of  Ijow-saw  answers  admirahly. 

The  not  infrequent  separation  of  spicules  of  necrosed  bone 
after  amputations  of  the  fingers  and  toes  is  probably  often  due 
to  the  splintering  and  crushing  of  the  bones  produced  by  the 
bone-forceps.  The  forceps  effect  the  division  of  the  shaft 
speedily,  but  at  a  great  sacrifice,  and  their  use  is  opposed  to 
one  of  the  first  principles  of  surgery. 

c.  The  Arrest  of  Bleeding. — In  arresting  bleeding  after 
amputations  there  is  little  to  be  noted  in  addition  to  what  has 
been  Avritten  in  a  previous  chapter  (page  57). 

After  the  bone  has  been  sawn,  the  stump  should  be  sup- 
ported by  an  assistant,  who  can,  at  the  same  time,  hold  up  any 
flap  and  generally  do  his  best  to  expose  the  whole  surface  of 
the  wound. 

The  main  vessels  may  have  been  secured  before  or  during 
the  fashioning  of  the  flaps.  In  the  majority  of  cases,  how- 
ever, this  is  not  done.  The  surgeon  and  his  assistants,  the 
moment  the  wound  surface  is  well  exposed  after  the  amputa- 
tion, should  seize  all  the  visible  divided  arteries  with  pressure- 
forceps.  The  operator  should  secure  the  principal  vessels, 
while  one  or  more  assistants  grasp  any  minor  trunks  which 
may  be  noticed. 

During  this  preliminary  securing  of  the  severed  arteries, 
the  pressure  upon  the  main  vessel  should  still  be  maintained 
by  the  assistant  who  is  responsible  for  the  control  of  haemor- 
rhage during  the  amputation. 

While  the  ligatures  are  being  applied  the  stimip  should 
be  supported  in  an  elevated  position.  In  the  case  of  the 
upper  limb  an  assistant  can  readily  effect  this.  After  an 
amputation  of  the  lower  hmb  the  stinnp  should  be  supported 
upon  a  block  similar  to  those  used  in  dissecting-rooms  to 
receive  the  head  of  the  subject.  The  block  is  padded  and 
covered  neatly  with  macintosh,  and,  when  in  use,  a  towel 
soaked  in  some  antiseptic  solution  may  be  placed  over  it.  By 
this  means  the  whole  area  of  the  wound  is  well  exposed  to 
view,  the  stump  is  kept  perfectly  steady,  and  is  maintained  at  a 
convenient  elevation. 

Pressure  upon  the  main  artery  being  relaxed,  any  smaller 
bleeding  points  are  secured  with  clamp-force]>s. 
u  2 
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The  cut  vessels  are  finally  closed  in  the  manner  already 
described,  some  by  pressure  merely,  some  by  torsion,  the  re- 
mainder by  lig'aturc  (pag-c  58).  , 

It  is  well  that  a  ligature  should  be  placed  upon  the  main 
vein,  or  upon  any  other-  vein  from  which  blood  continues  to 
ooze. 

Persistent  bleeding  from  the -sawn  surface  of  the  bone  may 
usually  be  checked  by  gentle  pressure  maintained  for  some 
time  with  a  piece  of  sponge.  If  it  still  continue,  a  piece  of 
ice  may  be  held  against  the  oozing  surface. 

Bleeding  from  a  distinct  artery  in  the  bone  seldom  calls 
for  further  means  than  these.  Should  it,  however,  be  main- 
tained, an  attempt  should  bo  made  to  separate  the  coats  of 
the  vessel  from  the  wall  of  the  bony  canal  by  means  of  a  fine 
needle,  and  then  to  force  them,  when  separated,  into  the  canal 
so  as  to  form  a  kind  of  natural  plug. 

Failing  this,  the  orifice  may  be  blocked  by  a  piece  of  catgut, 
or  by  a  small  pellet  of  wax.  I  have  never  met  with  a  case 
which  called  for  the  use  of  "  the  sharpened  end  of  a  Avooden 
match  "  as  a  plug. 

This  plug,  which  so  inany  authors  allude  to,  is  j)robably 
intended  to  be  no  more  than  a  picturesque  example  of  fertility 
of  resource. 

D.  The  Closure  of  the  Wound. — The  cleansing  of  the  wound 
surface  and  the  application  of  the  sutures  are  conducted  in  the 
manner  already  described  (page  58). 

There  should  be  no  tension  upon  the  wound,  no  dragging 
of  the  flaps  together,  no  attempt  to  cover  the  bone  by  traction 
upon  the  soft  parts.    The  edges  should  fall  together. 

To  unite  the  wound  a  long,  straight  needle  is  employed, 
and  the  best  suture  material  is  silkworm  gut. 

If  the  sutures  are  applied  at  a  proper  distance  apart,  and  if 
firm  and  even  pressure  is  employed,  so  as  to  approximate  the 
wound  surfaces  and  obliterate  any  cavities  or  pockets  between 
the  flaps,  no  drainage-tubes  may  be  required.  If  a  sinus  has 
been  exposed  during  the  amputation,  and  has  been  scraped 
out,  a  tube  may  be  allowed  to  occupy  its  cavity  for  a  day  or 
so  if  thought  necessary.  If  the  knife  has  passed  through 
fjedematous  tissues,  nmch  oozing  must  of  necessity  occur  after 
the  operation,  and  to  allow  this  to  have  free  exit  a  tube  may 


TREATMENT  OF  THE  AMPUTATION  WOUND.  m 


he  employed  for  24  or  48  hours.  The  escape  of  the  fluid, 
however,  can  usually  be  as  well  provided  for  by  leaving  suit- 
able intervals  between  the  sutures  at  the  most  dependent  part 
of  the  wound. 

The  general  question  of  the  use  of  drainage-tubes  has 
already  been  considered  (page  64). 

The  stump  must  be  properly  supported  after  the  operation, 
and  care  taken  that  all  traction  is,  as  far  as  possible,  taken  off 
the  flaps.     In  a  large  proportion  of  the  cases  of  amputa- 
tion the  support 
of   a    splint  is 
required.  The 
spHnt  serves  to 
support  the  flaps, 
to  maintain  the 
limb  at  rest,  and 
to  favour  the  ap- 
plication  of  such 
j)ressure  as  is  re- 
quired (Fig.  76). 

More  specific  details  as  to  the  after-treatment  of  amputa- 
tion wounds  are  given  in  the  chapters  which  follow. 


Fig.  70. 


-SUPPOHTING  SPLINT  ADJUSTED  TO  THE  LEG  AFTER 
CHOPAHT's  AMPUTATION. 
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CHAPTER  VIII. 

The  Future  of  the  Stump. 

The  success  of  an  amputation  dejDends  upon  a  great  man}^ 
factors.  The  more  general  of  these  have  been  already  pon- 
sidered  in  dealing  with  the  circumstances  which  influence  the 
future  of  all  operations  (page  1). 

The  local  conditions  are  also  very  numerous. 

1.  The  State  of  the  Limb. — In  cases  of  injury,  for  example, 
the  amputation  may  not  be  performed  high  enough  up,  the 
flaps  may  have  been  fashioned  from  damaged  tissues,  and  the 
structures  of  the  stump  will  perish  in  due  course  from  slough- 
ing or  suppuration. 

In  removing  a  limb  for  any  spreading  disease,  it  is  possible 
that  the  limits  of  the  affected  area  have  not  been  clearly 
recognised,  and  that  the  stump  becomes  in  turn  the  seat  of 
the  malady  for  which  the  amputation  was  performed. 

In  operations  for  gangrene  this  is  especially  to  be  noted. 

In  senile  gangrene,  or  in  gangrene  due  to  the  plugging  of  a 
main  artery,  the  involved  segment  of  the  limb  may  be  removed. 
A.S  the  knife  passes  through  the  apparently  healthy  tissues  it 
becomes  evident  that  they  also  are  on  the  verge  of  death. 
Little  blood  issues  from  the  divided  vessels.  The  vascular 
supply  of  the  part  has  been  sufficient  to  support  a  precarious 
existence,  but  it  is  insufficient  to  meet  the  demands  made  by 
that  degree  of  inflammation  which  is  necessary  to  effect  heal- 
ing. Under  this  strain  the  local  powers  of  the  part  break 
down  and  the  flaps  themselves  pass  in  turn  into  the  gangrenous 
condition. 

In  amputations  performed  for  sloughing  conditions  due  to 
nerve  lesions,  the  same  sequel  of  events  may  be  noted.  The 
condition  that  led  to  the  sloughing  process  is  not  removed  by 
the  surgeon's  knife.  Its  influence  att'ects  the  segment  of  the 
limb  through  which  the  blade  has  passed. 
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Tissues  that  could  have  lived  if  left  undisturbed,  cannot 
display  the  vital  energy  demanded  in  a  healthy  flap.  The 
flaps,  or  portions  of  them,  slough,  or  fail  to  heal,  and  the 
disease  is  said  to  have  reappeared  or  recurred  in  the  stump. 

It  should  be  remembered  that,  to  secure  the  healing  of 
an  amputation  wound,  a  robust  recuperative  power  is  required 
in  the  tissues  concerned.  This  power  is  easily  enfeebled. 
Thus  a  ready  healing  of  the  wound  cannot  be  expected  when 
the  flaps  are  cut  from  tissues  which  have  been  repeatedl}^ 
inflamed,  or  which  are  actually  the  seat  of  inflammation,  or 
which  have  remained  long  oedematous. 

Amputations  for  chronic  joint-disease  illustrate  this  well 
enough,  especially  if  the  flaps  are  cut  from  tissues  within  the 
actual  area  of  the  disease. 

The  tissues  may,  however,  have  become  enfeebled  from 
other  causes  than  those  attending  inflammation.  They  may 
have  wasted  from  long  disuse.  The  muscles  may  be  atrophied 
and  fatty,  the  nerves  converted  m  great  part  into  connective 
tissue,  and  the  arterial  channels  considerably  reduced  in  size 
and  capacity. 

Although  the  subject  in  such  case  may  be  young,  the 
tissues  in  the  affected  limb  are  in  a  condition  of  senile  decay. 

The  long  wearing  of  splints,  the  long  use  of  tight  bandages, 
the  long  maintaining  of  the  limb  in  an  elevated  position,  are 
all  conditions  which  serve  to  place  the  parts  in  an  unfavour- 
able state  for  a  successful  amputation. 

2.  The  Site  of  the  Amputation. — It  will  be  obvious  that 
much  depends  upon  the  exact  spot  selected  for  an  amputation 
and  the  state  of  the  tissues  from  which  the  coverings  of  the 
stump  are  made. 

There  are  few  more  difticult  problems  in  practical  surgery 
than  the  selection  of  the  best  site  for  an  amputation,  and  few 
upon  which  less  precise  advice  can  be  given. 

If  the  operator  make  the  securing  of  primary  healmg  the 
main  factor  in  deciding  upon  the  amputation  site,  then  he  will 
over  and  over  again  sacriflce  more  of  the  patient's  limb  than 
was  necessary  or  perhaps  profitable. 

If,  on  the  other  hand,  he  regard  the  minimum  amount  of 
tissue  to  be  sacrificed  by  cutting  as  the  first  element  in 
forming  his  decision,  then  he  will  meet  with  many  cases  where 
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the  fia^js  slough  and  whore  the  ultimate  destruction  of  the 
liuib  is  greatoi-  than  would  have  occurred  had  the  amputation 
been  performed  higher  up  in  the  lirst  instance. 

Few  positions  in  surgeiy  are  more  unsatisfactory  than  that 
involved  by  a  second  amputation  rendered  necessary  by  the 
sloughing  of  the  stump  of  the  first. 

When  the  second  stump  has  healed,  the  operator  must 
feel  that  the  patient  might  have  been  saved  the  former 
operation  and  the  tedious,  painful,  and  dangerous  period 
which  preceded  the  final  amputation. 

There  is  constantly  the  difficulty  of  deciding  between  the 
sacrifice  of  a  few  more  inches  of  a  hmb  to  ensure  ready  healing 
and  the  saving  of  those  inches  at  the  risk  of  retarded  healing, 
possible  sloughing  of  the  stump,  and  the  subsequent  removal 
of  the  limb  at  a  spot  above  the  higher  of  the  two  points 
originally  compared.  In  not  a  few  instances  it  may  be  con- 
sidered wiser  that  the  risks  of  slow  healing,  with  suppuration 
and  a  tedious  granulation  process,  should  be  encountered, 
rather  than  that  a  greater  segment  of  the  limb  shoukl  be 
sacrificed.  In  many  examples  of  amputation  for  injury  in 
healthy  men  this  is  the  case.  Every  mch  of  the  Hmb  is  of 
value ;  the  healing  process  may  be  slow,  may  mvolve  much 
suppuration  and  a  slow  process  of  closure  by  granulation,  but 
the  patient  is  robust  and  well  able  to  withstand  the  stram 
demanded,  and  in  the  end  it  proves  that  a  portion  of  the  limb 
has  been  saved  at  not  too  great  a  sacrifice. 

In  other  examples — notably  in  operations  for  long-standing 
disease — ready  healing  of  the  stump  is  a  matter  of  primar}' 
importance.  The  saving  of  a  few  mches  of  the  limb  is  a 
matter  of  subordinate  value.  The  patient  is  not  in  a  condition  to 
meet  a  vigorous  suppurative  process,  and  it  may  be  evident  that 
his  life  will  be  sacrificed  before  the  healing  process  is  complete. 

The  question  is  complicated  by  jriany  side-issues. 

In  the  case  of  amputation  for  injury,  for  example,  where 
almost  any  danger  in  the  future  is  anticipated  to  avoid  the 
present  sacrifice  of  a  larger  segment  of  the  limb,  the  patient 
recovers  after  a  tedious  suppurative  process  Avith  a  stump  so 
shrunken  and  so  ill-covered  that  it  is  worse  than  useless,  and 
he  has  to  be  content  to  remain  a  cripple  or  entertain  a  second 
amputation.    In  the  case  of  amputation  for  disease  also,  it  has 
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to  be  remembered  that  the  higher  the  amputation  the  greater 
is  the  amount  of  shock  and  of  immediate  risk  to  life,  and  the 
carrying  out  of  a  high  amputation  to  ensure  speedy  heahng  in 
a  debihtated  subject  may  involve  an  amount  of  shock  which 
proves  fatal. 

As  already  said,  the  question  is  one  of  great  difficulty,  and 
can  hardly  be  discussed  apart  from  the  actual  case,  every 
detail  of  which  must  in  every  instance  be  most  carefully  and 
patiently  weighed. 

3.  The  Manner  of  the  Operation. — Much  of  the  success  of 
the  amputation  must  obviously  depend  upon  the  maimer  in 
which  it  is  done.  Many  evils  may  fall  under  this  head.  The 
flaps  have  been  indifi:erently  cut.  They  slough,  or  form  so  poor 
a  covermg  to  the  bone  that  the  edges  of  the  Avound  have  to  be 
forcibly  adjusted  by  the  sutures.  The  muscles  have  been 
jagged,  and  large  portions  of  muscular  tissue  nearly  separated 
fi'om  the  flap  surface,  and  necessarily  cut  ofl:'  from  any 
sufficient  blood  supply,  have  been  left  to  perish.  The  flaps 
have  been  roughly  handled,  have  been  dragged  upon,  and 
have  been  injured  in  uncouth  efforts  to  expose  the  bone. 
Arteries  have  been  slit  up,  or  the  main  vessel  of  the  flap  has 
been  wounded  near  the  base  of  the  flap. 

Tendons  are  hangmg  loose  in  the  depths  of  the  wound, 
and  are  so  far  cut  off'  from  their  normal  vascular  supply  that 
they  must  perish  by  sloughing.  Masses  of  tissue  have  been 
recklessly  clamped  in  grasping  bleeding  vessels  Avith  the 
pressure  forceps.  The  wound  surface  has  been  violently 
sponged,  or  the  sutures  have  been  applied  before  all  haemor- 
rhage has  been  checked. 

The  soft  parts  about  the  bone  have  been  lacerated  by  the 
saw,  the  periosteum  has  been  extensively  destroyed,  and  saAv- 
dust  from  the  bone  has  been  ground  into  the  manaied 
muscular  tissue.  The  bone  may  have  been  splintered  by 
forceps,  and  fragments  of  the  shaft  left  in  the  Avound.  The 
assistant  Avho  has  held  the  gangrenous  limb  durmg  the 
amputation  has — Avithout  Avashing  his  hands — held  the  main 
flap  after  the  limb  has  been  removed.  To  these  possible  evils 
must  be  added  such  as  attend  defective  cleansing  of  the 
Avound,  imperfect  securing  of  the  vessels,  and  faults  in  the 
after-treatment. 


CHAPTER  IX. 

The  Mortality  after  Amputation. 

1.  The  General  Mortality. — Since  the  introduction  of  im- 
proved methods  of  performing  amputation  and  of  treating 
wounds,  the  general  mortality  after  the  operation  has  been 
very  considerably  reduced. 

The  more  voluminous  statistics  published  are  of  little 
value  at  the  present  day,  since  they  deal  with  data  afforded 
by  older  and  nuich  less  successful  forms  of  practice,  and  are 
largely  composed  of  the  returns  of  army  surgeons.  It  is  note- 
worthy also  that  the  results  shown  by  different  statistics  vary 
considerably. 

Schede  has  compiled  a  table  of  321  cases  (occurring  in 
civil  practice)  of  amputations  performed  antiseptically,  and 
attended  by  a  mortality  of  only  4'4  per  cent,  while  in  387 
cases  of  amputation  of  equal  importance  treated  during  the 
pre-antiseptic  period  the  mortality  was  2918  per  cent. 

One  of  the  largest  tables  of  statistics  is  that  prepared  by 
Ashhurst.  He  deals  with  6,448  cases  of  amputation,  the 
great  mass  of  which  belongs  to  the  period  before  anti- 
septics. The  mortality  is  given  at  32-9  per  cent.  The 
statistics  of  the  Newcastle-on-Tyne  Infirmary,  as  prepared  by 
Mr.  Page,  give  in  10  years  ending  December,  1888,  484  cases 
of  amputation,  with  a  general  mortality  of  7-6  per  cent. 
(Lancet,  July  13th,  1889). 

The  statistics  of  St.  Thomas's  Hospital  for  the  ten  years 
1876 — 1885  give  a  mortality  of  12-8  per  cent,  for  amputations 
of  all  kinds  performed  during  that  period. 

MacCormac  considers  that  this  mortality  "probably  re- 
presents a  fair  average  of  the  results  attained  in  the  London 
hospitals." 

The  statistics  of  400  cases  of  amputation  (occurring  at 
St.  George's  Hospital  between  October,  1874,  and  June,  1888), 


MORTALITY  AFTER  AMPUTATION. 


315 


prepared  by  Mr.  Dent,  give  a  general  mortality  of  21  per  cent. 
{Med.-Chir.  Trdns.,  vol.  Ixxiii.). 

2.  Influence  of  Age  and  Sex. — Age  lias  an  important 
influence  on  the  results  of  amputation.  In  the  very  young — 
those  under  the  age  of  five  years — it  is  not  well  borne,  the 
mortality  often  being  as  high  as.  between  the  ages  of  thirty -five 
and  fifty.  The  mortality  is  lowest  between  the  ages  of  five  and 
fifteen.  After  fifteen  the  death-rate  begins  to  steadily  in- 
crease, although  between  the  whole  period  of  twenty  to  forty 
the  variation  is  not  very  great.  From  fifty  to  sixty-five  the 
mortality  rapidly  increases. 

Ashhurst  gives  the  following  conclusions  from  his  ex- 
tensive collection  of  statistics : — (1)  In  persons  under  twenty 
years  old  the  operation  is  a  comparatively  safe  one,  but 
in  patients  from  twenty  to  forty  it  is  nearly  Hvice,  and  in 
those  over  forty  not  far  from  three  times,  as  apt  to  be  followed 
by  death  as  during  the  earlier  period.  (2)  In  jDersons  over 
thirty  years  of  age  amputation  is  almost  twice  as  fatal  as  in 
those  who  are  younger. 

Mr.  Dent's  statistics  give  the  following  results : — 

-dffe.  Mortality. 
Under  5    12-5  per  cent. 


5  to  10 
10  to  20 
20  to  40 
40  to  60 
Over  60 


3-3 
16-1 
14-4 
32-8 
70 


Statistics  show  that  the  mortality  of  amputation  is  a  little 
lower  in  women  than  in  men.  It  must  be  remembered,  how- 
ever, that  the  cases  of  amputation  in  men  are  much  more 
numerous,  and  include  a  larger  proportion  of  operations  for 
injury. 

3.  Influence  of  the  Cause  of  the  Amputation. — Amputa- 
tions performed  for  disease  are  much  less  fatal  to  life  than 
those  performed  for  injury.  The  older  statistics  give  out  of  a 
total  of  6,448  amputations  of  all  kinds  a  mortality  of  39-8  per 
cent,  in  the  operations  for  injury,  and  a  mortality  of  26-8  per 
cent,  in  the  amputations  performed  for  disease  or  deformity. 

The  records  of  the  London  Hospital  for  the  last  four  years 
show  the  mortality  after  amputation  of  the  leg  or  foot  for 
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injury  to  have  been  12  per  cent.,  and  for  disease  to  have  been 
4  per  cent. 

MacC-'ormac's  statistics,  dealing  with  678  cases  of  amputa- 
tion of  all  Ivinds  performed  during  recent  years,  show  the 
mortality  after  amputations  for  injury  to  be  about  18'5  and  for 
disease  to  be  about  10-5  per  cent. 

Mr.  Page's  statistics,  dealing  with  484  like  cases,  give  a 
mortality  in  cases  of  injury  of  12-8  per  cent.,  and  in  disease  of 
4'9  per  cent.  Mr.  Dent's  series  of  cases  show  a  mortality  of 
15"2  per  cent,  in  amputations  for  disease,  and  of  3G'G  in  ampu- 
tations for  injury. 

Primary  amputatioiis  for  injury  are  less  fatal  than 
secondary  amputations  for  injury.  MacCorraac  gives  the 
mortality  of  the  former  as  12"7  per  cent.,  and  of  the  latter  as 
24'2  per  cent. :  the  death-rate  being  practically  doubled. 

4.  Influence  of  the  Site  of  the  Amputation. — Amputations 
in  the  upper  limb  are  less  fatal  than  those  in  corresponding 
parts  of  the  lower  limb,  and  in  either  limb  the  rate  of 
mortality  increases  the  nearer  the  amputation  is  to  the  trunk. 

The  following  table  is  founded  on  the  statistics  collected 
by  Ashhurst  and  others,  and  upon  the  results  of  amputation  as 
shown  in  the  records  of  the  London  Hospital. 

The  figures  are  comparative  only.  The  unit  or  standard  is 
the  mortality  after  amputation  of  the  fingers  or  thumb,  and  is 
here  expressed  by  the  figure  1.  For  example,  the  mortality 
after  amputations  of  the  arm  is  nine  times  greater  than  that 
following  amputation  of  the  fingers  (the  standard),  while  that 
attending  disarticulations  at  the  knee  is  sixteen  times  higher 
than  the  death-rate  of  the  standard  amputation. 

Fingers  or  thumb   1 

Partial  amputation  of  hand    ...  2 

Amputation  at  wrist-joint     ...  4 

,,         of  forearm    ....  6 

„        at  elbow-joint  j  .    .    .  7 

„         of  arm   9 

„        at  shoulder- joint    .  .12 


xoes   ^ 

Partial  amputation  of  foot     ...  7 

Amputation  at  ankle-joint    ...  5 

of  leg   11 

,,         at  knee-joint     ...  16 

of  thigh   21 

at  hip   ^•l 
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CHAPTER  X.  . 

Amputation  of  the  Finc4ers  and  Thumb. — General 

Considerations. 

Anatomical  Points. — The  skin  on  the  palmar  aspect  of  the 
fingers  and  the  thumb  is  thick,  dense,  stiff,  and  adherent. 
There  is  very  Httle  subcutaneous  tissue.  The  palmar  integu- 
ment is  remarkably  sensitive,  especially  that  covering  the  pulp 
of  the^  digits. 

The  skin  on  the  dorsum,  on  the  other  hand,  is  thin  and 
loose,  and  beneath  it  is  a  stratum  of  lax  connective  tissue.  Its 
sensibility  is  comparatively  dull. 

The  position  of  the  phalangeal  joints  nuist  be  clearly 
defined.  It  is  to  be  borne  in  mmd  that  the  "  knuckle "  at 
both  the  metacarpo-phalangeal  and  inter-phalangeal  joints  is 
formed  by  the  head  of  the  proximal  bone,  and  that  the 
articular  line  is  therefore  beyond  or  below  the  knuckle. 
Of  the  transverse  folds  across  the  fronts  of  the  fino-ers 
produced  by  the  joints,  the  highest  is  single  for  the  index  and 
little  finger,  and  double  for  the  other  two.  It  is  placed  nearly 
three-quarters  of  an  inch  below  the  corresponding  jomt 
(Fig.  77).  The  middle  folds  are  double  for  all  the  fingers,  and 
are  exactly  opposite  the  first  inter-phalangeal  jomts.  The 
lowest  creases  are  single,  and  are  placed  a  little  above 
the  corresponding  joints  (from  1  to  2  m.m.).  There  are  two 
single  creases  on  the  thumb  corresponding  to  the  two  joints, 
the  higher  crossing  the  metacarpo-phalangeal  articulation 
obliquely.  The  free  edge  of  the  web  of  the  fingers,  as 
measured  from  the  palmar  surface,  is  about  three-quarters  of 
an  inch  from  the  metacarpo-jDhalangeal  joints  (Fig.  77). 

All  the  joints  are  supported  by  two  lateral  ligaments  and 
a  glenoid  ligament.  The  former  are  nearer  to  the  palmar 
than  the  dorsal  aspect ;  the  latter  exists  as  a  firm  fibre- 
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cartilaginous  plate,  which  is  attached  mainly  to  the  base  of  the 
distal  bone. 

In  the  metacarpo-phalangeal  joint  of  the  thumb,  two 
sesamoid  bones  replace  this  ligamentous  palmar  plate. 


Fig.  77.— SURFACE  MARKINGS  ON  THE  PALM  OP  THE  HAND.    (The  thick  blaok  lines 
represent  the  chief  creases  of  the  skin.) 

A  single  epiphysis  exists  for  each  metacarpal  bone  and 
phalanx.  It  forms  the  head  of  the  four  inner  metacarpal  bones 
and  the  base  of  the  metacarpal  of  the  thumb  and  of  the 
phalanges  (Fig.  78).    It  joins  the  shaft  at  the  age  of  tAventy. 

The  fibrous  sheaths  for  the  flexor  tendons  extend  from  the 
metacarpo-phalangeal  joints  to  the  upper  ends  of  the  third 
phalanges.  The  pulp  of  the  third  phalanx,  therefore,  rests 
practically  upon  the  periosteum.  Opposite  the  finger-joints 
the  sheaths  are  lax  and  thin.    In  the  rest  of  their  course  they 
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are  dense  and  rigid,  and  when  cut  across  remain,  in  virtue  of 
this  rigidity,  wide  open,  and  form  an  open  channel  which  leads 
into  the  palm  of  the  hand  (Fig.  79). 

There  are  two  synovial  sacs  beneath  the  annular  ligament 
for  the  flexor  tendons,  one  for  the  flexor 
of  the  thumb,  the  other  for  the  two  flexors 
of  the  fingers.  The  former  extends  up 
into  the  forearm  for  about  1$  inch  above 
the  annular  ligament,  and  follows  the  ten- 
don to  its  insertion.  The  latter  rises  about 
1^  inch  above  the  annular  band,  and 
ends  in  diverticula  for  the  four  fingers. 
The  process  for  the  little  finger  usually 
extends  to  the  insertion  of  the  flexor  pro- 
fundus tendon  in  the  last  phalanx.  The  remaming  three  diver- 
ticula end  about  the  middle  of  the  corresponding  metacarpal 
bones.  The  synovial  sheaths  for  the  digital  part  of  the  tendons 
to  the  index,  middle,  and  ring  fingers  end  above,  about  the 
neck  of  the  metacarpal  bones,  and  are  thus  separated  by  about 
half  an  inch  from  the  great  synovial  sac  beneath  the  annular 
hgament. 

ITius  there  is  an  open  channel  from  the  ends  of  the  thumb 
and  little  linger  to  a  point  in  the  forearm  some  iilch  and  a 


Fig.  78. — A  FINGEE 
FLEXED  TO  SHOW  THE 
JOINT, LINES  AND  THE 
EPIPHYSES. 


Fig.   79.— HORIZONTAL   SECTION  THROUGH  THE  MIDDLE   OF  THE  SECOND  PHALANX. 

(IWam:) 

a,  Flexor  tendon ;      Fibrous  slieatli  of  tendon ;  c,  Extensor  tendon ;  (/,  Digital 

artery  and  nerve. 

half  above  the  annular  ligament.  Thus  suppuration  in  the 
thumb  and  little  finger  is  apt  to  be  followed  by  abscess  in  the 
forearm,  a  complication  unusual  after  a  like  trouble  in  the 
remaining  fingers. 

The  digital  arteries  are  about  the  size  of  the  posterior 
auricular,  and  run  much  nearer  to  the  palmar  than  the  dorsal 
surface. 
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The  dorsal  digital  arteries  of  the  thumb  are  of  good  size, 
but  on  the  fingers  the}^  appear  as  quite  insignificant  vessels 
which  can  liardly  be  traced  beyond  the  first  phalanx. 

The  Parts  Removed. — Amputations  of  the  fingers  are 
often  of  necessity  imperfect  operations,  and  in  some  traumatic 
cases  represent  little  more  than  a  trimming  of  mangled  parts. 

In  performing  these  operations  every  care  should  be  taken 
to  remove  as  little  of  the  digit,  and  especially  of  the  thumb 
and  index,  as  possible.  The  shortest  and  most  ungainly- 
looking  stunqa  of  the  thumb  or  of  the  forefinger  may  prove  to 
be  of  the  greatest  value. 

A  French  surgeon  has  well  said,  "  Le  pouce  represente  a 
lui  seul  I'un  des  mors  de  la  pince  que  forme  la  main." 

If  the  thumb  or  a  j)ortion  of  it  be  left,  it  is  important  that 
it  should  have  something  with  which  to  come  into  apposition ; 
and  in  fulfilling  this  need  the  slightest  stump  of  the  forefinger 
is  of  considerable  service.  The  little  and  ring  fingers  are  of 
less  importance  provided  that  the  other  digits  remain ;  but  in 
cases  where  the  three  or  the  two  outer  fingers  have  been 
removed,  the  little  finger  or  the  ring  finger  has  been  capable, 
in  conjunction  with  the  thumb,  of  performing  most  valuable 
and  complex  fmictions. 

A  hand  with  nothing  left  but  the  stumps  of  a  thumb  and 
of  a  little  finger,  is  more  useful  than  the  most  elaborate 
artificial  hnib.  Dr.  Gregory  {Trans.  Amer.  Suvg.  Ass.,  vol.  ii., 
page  232)  mentions  the  case  of  a  lad  who  could  hold  a  pen  with 
a  hand  of  which  nothing  had  been  saved  but  a  small  part  of 
the  thumb  and  the  metacarpus  and  carpus. 

The  bone  should  always  be  diAdded  as  low  doAvn  as 
possible.  If  only  the  base  of  the  terminal  phalanx  can  be 
saved,  it  will  secure  for  the  finger  the  attachment  of  the  flexor 
profundus  tendon. 

Amputation  of  the  second  phalanx  should  be  performed 
through  the  bone  whenever  possible.  If  the  upper  half,  or 
even  the  upper  third,  of  the  phalanx  be  left,  some  portion  of 
the  insertion  of  the  flexor  sublimis  will  be  saA^ed.  If,  on  the 
other  hand,  disarticulation  is  effected,  the  first  phalanx  is  apt 
to  be  left  to  form  a  stump  Avhich  is  stiff  and  incapable  of 
flexion,  and  is  possibly  an  actual  impediment. 

This  evil  may  be  sonietunes  avoided  by  including  the 
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flexor  tendons  in  the  sutnres.  "In  the  foUowmg  special 
cases,"  writes  Mr.  Jacobson  ("Operations  of  Surgery,"  page  4), 
"the  whole  or  part  of  the  first  phalanx  may  be  left,  and  in  all 
of  them  the  severed  flexor  tendons  should  be  carefully  stitched 
with  carboHsed  silk  to  the  cut  theca  and  periosteum,  or  into 
the  flaps  themselves,  before  adjusting  these. 

"1.  In  the  case  of  the  index  flnger  the  proximal  phalanx 
will  be  a  useful  opponent  to  the  thumb,  as  in  holding  a  pen. 

"  2.  In  the  case  of  the  little  finger,  leaving  the  proximal 
phalanx  will  give  greater  symmetry  to  the  hand  when  this 
is  flexed,  and  it  should  accordingly  be  left  if  the  patient 
desire  it. 

"  3.  In  cases  of  amputation  of  all  the  fingers,  the  proximal 
phalanx  of  one  should,  if  possible,  ahvays  be  left  to  oppose  the 
thumb. 

"  4.  In  the  case  of  a  patient  who  insists  on  having  the  proxi- 
mal phalanx  left,  after  the  risk  of  stiShess  has  been  explamed 
to  him,  the  more  care  is  taken  to  fix  the  several  flexors  to 
the  theca  the  more  quickly  the  stump  heals,  and  the  younger 
the  patient  the  greater  will  be  the  movement  gained." 

The  Shaping  of  the  Flaps. — As  the  bones  of  the  finger  are 
comparatively  large  in  relation  to  the  surrounding  soft  parts, 
the  flaps  must  be  cut  comparatively  long.  Thus  a  single  pal- 
mar flap  should  be  equal  to  one  diameter  and  a  half  of  the 
digit.  If  unequal  dorsal  and  palmar  flaps  are  cut,  the  palmar 
flap  should  be  longer  than  the  diameter  of  the  digit,  while  the 
dorsal  flap  should  be  about  the  third  of  the  palmar.  Farabeuf 
gives  these  measurements : — If  the  breadth  of  the  finger  be 
16  m.m.,  a  single  palmar  flap  should  be  24  m.m.  in  length.  If 
imequal  flaps  be  made,  the  palmar  should  measure  IS  m.m. 
and  the  dorsal  6  m.m. 

Flaps  should  be  so  cut  that  the  cicatrix  is  removed  from 
pressure.  The  scar  therefore  should  not  be  on  the  extremity 
of  the  stump  nor  upon  its  palmar  aspect.  In  other  words, 
the  scar  is  most  conveniently  placed  when  placed  upon  the 
dorsum. 

For  this  reason  a  single  palmar  flap  or  a  predominating 
palmar  flap  (when  two  are  cut)  represents  the  best  method  in 
amputation  through  the  fingers.  The  stump  which  results  is 
covered  with  firm  and  vascular  skin,  well  able  to  withstand 
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pressure,  and  is  indued  with  the  remarkable  sensibihty  of  the 
part.  A  dorsal  flap  involves  a  covering  for  the  stump  which 
is  thin,  ill  suppHod  Avith  blood,  little  able  to  withstand  pressure, 
and  of  slight  sensibility. 

The  oval  method  provides  a  stump  with  the  good  qualities 
furnished  by  the  palmar  flap. 

The  Closing  of  the  Fibrous  Sheaths.— The  fibrous  sheaths 
for  the  flexor  tendons  when  cut  across,  as  in  these  operations, 
form  rigid  tubes  along  which  pus  may  pass  and  enter  thejialm 
of  the  hand.  The  flexor  tendons  retract  after  division,  but  the 
sheaths  do  not,  so  there  is  provided  in  the  depths  of  the  stump 
a  natural  drainage-tube,  the  remote  end  of  whi(;h  leads  into 
the  palm ;  if  no  suppuration  occurs,  this  hidden  channel  may 
produce  no  evil.  It  is  soon  occluded  and  unable  to  be  harmful. 
If  the  stump,  however,  does  suppurate,  as  is  so  common  after 
crushes  of  the  fingers,  the  pus  can  find  its  way  with  gi-eat 
readiness  into  the  rigid  patent  fibrous  tube,  and  then  ensues 
that  deep-seated  suppuration  in  the  stumja  and  in  the  palm 
which  is  by  no  means  uncommon  after  the  present  series  of 
operations.  When  such  a  complication  occurs,  the  pus  can 
be  squeezed  out  of  the  sheath,  and,  if  the  flaps  have  given 
way,  can  be  seen  to  come  from  the  tube  itself 

To  avoid  this  serious  hindrance  to  healing,  the  fibrous 
sheath  should  be  closed  when  possible  after  all  amputations 
of  the  fingers  and  thumb.  Over  the  terminal  phalanx,  and 
over  the  joint  between  the  middle  and  terminal  phalanges, 
there  is  no  fibrous  sheath.  In  front  of  the  metacarpo-phalan- 
geal  joint  it  is  scarcely  evident.  Over  the  first  and  second 
(proximal  and  middle)  phalanges,  and  in  front  of  the  joint 
between  those  bones,  the  fibrous  sheath  is  well  marked,  and 
appears  as  a  rigid  tube  when  cut  across. 

As  the  sheath  crosses  the  metacarpo-phalangeal  and  first 
inter-phalangeal  joints,  it  is  adherent  to  the  glenoid  liga- 
ment, and  is  easily  closed  by  two  fine  catgut  sutures  passed 
vertically,  i.e.,  from  the  dorsal  to  the  palmar  wall. 

Opposite  the  shafts  of  the  first  and  second  phalanges,  how- 
ever, there  is  much  difficulty  in  eftecting  this  closure,  since 
the  sheath  is  united  to  the  periosteum,  and  that  membrane  is 
very  thin.  In  these  situations  the  periosteum  should  be 
stripped  up  a  little  from  the  palmar  aspect  of  the  bone,  and 
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the  oritice  of  the  tube  secured  by  two  fine  sutures  passed 
either  vertically  or  transversely,  as  may  appear  the  more  con- 
venient. This  stripping-  oft"  of  periosteum  should  be  effected 
before  the  bone  is  divided. 

The  Instruments  required. — Narrow,  slender,  and  strong 
scalpels,  the  blades  of  which  should  be  equal  in  length  to 
about  one  diameter  and  a  half  of  the  digit  to  be  removed. 
(A  fine  scalpel  with  a  cutting  edge  one  inch  in  length  will 
serve  admirably  for  most  amputations  of  the  fingers.  The 

"  fino-er  knife  "  of  the  instrument-makers  is  'an  absurd  instru- 
ct 

ment.  Its  blade  is,  according 
to  one  catalogue,  nearly  three 
inches  in  length.  Such  large 
knives  were  at  one  time  em- 
ployed, and  in  Fergusson's 
figure  of  an  amputation 
through  the  second  phalanx, 
the  knife  depicted  has  a  blade 
that  must  have  been  some 
four  inches  long.)  A  fine  key- 
hole-saw or  very  small  But- 
cher's-saw.  Bone  forceps.  Dis- 
secting and  artery  forceps.  Tapes  to  hold  aside  the  fingers. 
Scissors,  needles,  etc. 

Position. — The  surgeon  sits  with  the  patient's  hand  before 
him.  The  limb  should  be  in  the  position  of  pronation  while 
dorsal  incisions  and  flaps  are  being  made,  and  in  supination 
during  the  fashioning  of  palmar  flaps. 

In  the  oval  operation  the  limb  may  be  kept  pronated 
throughout,  and  disarticulation  is  in  any  case  conveniently 
effected  in  that  position. 

The  surgeon  holds  the  finger  to  be  removed  with  his  left 
hand,  placed  in  the  supine  position  (Fig.  SO).  An  assistant  is 
placed  opposite  to  the  surgeon.  He  holds  the  patient's  hand 
in  the  required  position,  and  keeps  the  sound  digits  out  of  the 
way. 


Fig.  80. — THE  MODE  OF  HOLDING  THE 
FINGEB  DURING  DISARTICULATION  OF 
THE  LAST  PHALANX. 
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CHAPTER  XL 

Amputation  oh  Disarticulation  of  the  Phalanges  of 

THE  Fingers. 

These  operations  include  aniputations  through  the  proxi- 
mal, middle,  or  terminal  phalanges,  and  disarticulations  at  the 
iirst  or  second  inter-phalangeal  joints.  An  amputation  through 
the  terminal  phalanx  can  scarcely  claim  to  be  a  defined 
operation. 

Four  methods  Avill  be  described — 

1.  By  single  palmar  flap. 

2.  By  unequal  dorsal  and  palmar  flaps. 
By  single  external  flap. 

4.  By  lateral  flaps. 

1.  By  Single  Palmar  Flap. — Illustrated  by  the  removal 
of  the  last  phalanx  at  the  joint. 

Hold  the  digit  between  the  left  thumb  and  forefinger  (the 
thumb  upon  the  pulp  of  the  digit,  the  forefinger  on  the  nail). 
Ascertain  the  position  of  the  joint.  Commence  the  incision 
upon  one  side  of  the  finger  opposite  to  the  joint-line  and  mid- 
way between  the  dorsal  and  palmar  aspects  of  the  digit. 
(See  Comment  on  these  operations,  page  327,  paragraph  1.) 
Mark  out  the  palmar  flap  by  an  incision  which  involves  the 
skin  only.  This  flap  will  include  the  greater  part  of  the  pulp 
of  the  finger  (Fig.  81).  Now  carry  the  incision  to  the  bone 
throughout,  and  dissect  up  the  flap  so  freed,  mcludingrin  it 
everything  down  to  the  bone.   (See  Comment,  page  327,  par.  2.) 

Let  the  patient's  finger  be  now  flexed,  and  make  the  dorsal 
incision.  This  incision  is  carried  trans verscl}'^  across  the  finger 
at  the  level  of  the  base  of  the  distal  phalanx.  Retract  the 
:soft  parts  a  little  and  open  the  joint.  {See  Connnent,  page 
327,  par.  3.) 

Divide  the  lateral  ligaments.  Nothing  now  connects  the 
phalanx  with  the  rest  of  the  finger  but  the  flexor  profundus 
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tendon  and  the  glenoid  hgament.  Put  the  terminal  phalanx 
in  the  position  of  extreme  extension  and  divide  these  two 
structures,  by  cutting  from  below  up  against  the  base  of  that 
phalanx.  {See  Comment,  page  327,  par.  4.)  No  vessels  re- 
quire to  be  secured,  and  the  tendon  sheath  is  not  opened. 

2.  By  Unequal  Dorsal  and  Palmar  Flaps. — Illustrated 
by  disarticulation  at  the  first  inter-phalangeal  joint. 

The  palmar  flap  should  exceed  a  httle  in  length  the  dia 
meter  of  the  digit  at  the  joint- 
hne.    The  dorsal  flap  is  one- 
third  the  length  of  the  palmar 
(page  321).  \See  Fig.  81,  c.) 

Ascertain  the  hne  of  the 
articulation. 

Hold  the  finger  in  the  posi- 

,•         r-  ,•  1         1   ,      Fiff.  81. — A  and  B,  Disarticulations  by 

tion  of  pronation,  and  mark  out      f^^^^  ^^^^^^^  a^^,  .    Amputation  by 

the  flaps  by  skin  incisions.    The        unequal  dorso-palmar  flaps. 

flaps  should  be  squarely  cut. 

The  lateral  incisions  should  be  placed  midway  between  the 
dorsal  and  palmar  surfaces,  and  should  be  commenced  just 
above  the  joint-line. 

Carry  the  lateral  cuts  to  the  bone.  Flex  the  finger  strongly 
and  carry  the  dorsal  incision  to  the  bone. 

Dissect  up  the  dorsal  flap,  including  in  it  all  the  soft  parts 
to  the  bone.    Open  the  jdint  from  the  dorsal  aspect. 

Dissect  up  the  palmar  flap,  dividing  the  flexor  tendon 
at  the  end  of  the  flap  while  the  finger  is  in  the  extended 
position.    This  flap  also  includes  all  the  soft  parts  to  the  bone. 

When  the  joint  is  reached,  divide  the  lateral  hgaments, 
separate  the  glenoid  ligament  from  the  base  of  the  second 
phalanx,  and  the  disarticulation  is  completed.  {See  Comment, 
page  327,  par.  4.) 

The  tendon  sheath  must  be  closed  (page  322). 

If  an  attempt  is  to  be  made  to  secure  the  flexor  tendons 
for  reasons  already  given  (page  321),  the  divided  extremity  of 
each  (or  the  free  end  of  the  flexor  profundus  tendon  only)  is 
attached  to  the  remains  of  the  fibrous  sheath  and  to  the 
glenoid  liganient  (which  is  left  in  the  stump).  The  tendons 
are  thus  made  to  occupy  the  fibrous  sheath,  which  is  readily 
closed  around  them. 


326 


OPERATIVE  SURGERY. 


No  vessels  will  probably  require  ligature.  The  dorsal 
arteries  are  cut  at  the  end  of  the  palmar  flap. 

3.  By  Single  External  Flap.— Illustrated  by  disarticulation 
at  the  lirst  inter-phalangeal  joint. 

The  flaps  are  fashioned  as  shown  in  Fig.  82,  a.  The  two 
longitudinal  incisions  are  in  the  centre  of  the  dorsal  and 
palmar  surfaces  respectively,  and  both  commence  just  above 
the  level  of  the  joint. 

The  outer  transverse  incision — marking  the  extremity  of 
the  external  flap — is  opposite  the  centre  of  the  second  phalanx. 
The  inner  transverse  incision  is  opposite  the  joint. 

The  external  flap,  having  been  marked  out,  is  dissected  up. 
It  contains  all  the  soft  parts  down  to  the  tendons. 

The  finger  having  been  fully  flexed,  the  joint  is  opened 
from  the  dorsum  by  cutting  through  the  extensor  expansion. 

The  lateral  ligaments  of  the  joint  are  now  cut. 

The  finger  is  then  placed  in  the  position  of  extension,  and 
the  flexor  tendons  and  the  attachment  of  the  glenoid  ligament 
are  divided  from  below  up  against  the  base  of  the  second 
phalanx. 

The  tendons  and  the  tendon-sheath  may  be  dealt  with 
as  m  the  previous  operation. 

The  digital  vessels  are  divided  in  the  transverse  incisions, 
but  will  probably  not  require  ligatures. 

4.  By  Lateral  Flaps. — Illustrated  by  amputation  through 
the  second  phalanx. 

The  external  and  internal  flaps  are  of  equal  size  and  do  not 
.equal  in  length  the  diameter  of  the  finger  (Fig.  82,  b).  Tlie 
dorsal  and  palmar  incisions  are  median.  The  flaps  are  squarely 
cut  and  contain  all  the  soft  parts  down  to  the  tendons.  The 
flexor  profimdus  tendon  and  the  expansions  fi-om  the  flexor 
sublimis  and  extensor  tendons  are  divided  circularly  at  the 
saw-line.  The  bone  is  divided  with  a  fine  saw.  {See  Comment, 
page  328,  par.  5.) 

The  digital  arteries  are  cut  at  the  extremities  of  the  flaps. 

Apprecvition  of  the  above  Operatlo7}s. — Of  these  tour 
procedures  the  two  first-named  arc  the  best.  Thejmportance 
of  the  palmar  flap  has  already  been  dwelt  upon  (page  321). 

The  third  method— that  by  an  external  flap— answers 
well  when  the  tissues  upon  the  palmar  and  inner  sides  of  the 
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linger  arc  damaged.  It  is  peculiarly  well  adapted  for  the 
index  finger. 

A  precisely  similar  single  flap  may  be  cut  from  the  inner 
side  of  the  finger,  but  in  the  case  of  the  index  the  cicatrix 
would  be  very  inconveniently  placed.  The  internal  flap 
method  is  well  suited  to  some  amputations  of  the  inner 
fingers. 

The  amputation  by  the  lateral  method  produces  well- 
nourished  flaps  and  a  shapely  stump,  but  the  cicatrix  is 
inconveniently  placed ;  and  if  the  healing  be  imperfect,  there  is 
a  disposition  for  the  bone  to  project  between  the  flaps. 

Equal  palmar  and  dorsal  flaps  produce  a  stump  with  the 
cicatrix  at  its  extremity. 

The  oval  method  is  not  well  adapted  for  these  amputa- 
tions. If  applied  to  efl'ect  a  disarticulation,  the  dorsal 
incision  should  commence  just  above  the  joint,  and  the 
circular  mcision  be  about  the  centre  of  the  phalanx  below 
(Fig.  82,  c).  The  resulting  stump  is  clumsy,  and  the  cicatrix 
is  ill-placed. 

Comment  upon  the  above  Operations. — 1.  A  longitudinal 
cut  made  in  the  centre  of  the  lateral  surface  of  the  finger 
— i.e.,  midway  between  the  dorsum  and  the  palmar  aspect — 
will  not  wound  the  digital  artery,  which  will  be  found  intact 
in  the  palmar  flap. 

2.  In  no  operations  upon  the  fingers  is  it  well  to  cut  the 
flaps  by  transfixion.  In  cutting  a  palmar  flap  by  this  means 
there  is  danger  of  slitting  up  the  digital  arteries.  The  flap, 
moreover,  is  apt  to  be  pointed  and  scanty,  and  to  contain 
fragments  of  tendon. 

3.  In  disarticulations  a  very  slight  dorsal  flap  is  a  decided 
advantage,  and  allows  a  better  covering  to  be  provided  for 
the  head  of  the  bone. 

4.  Disarticulation  may  be  effected  in  finger  amputations 
by  cutting  from  above  downwards.  The  joint  is  exposed  from 
the  dorsum,  the  finger  being  fiilly  flexed ;  the  lateral  liga- 
ments are  divided ;  the  knife  is  then  passed  behind  the  base  of 
the  distal  bone,  and  is  made  to  cut  its  way  outwards  in 
the  direction  of  the  palmar  surface. 

This  method  is  not  so  precise  as  that  indicated  in  the 
formal  account  of  the  operation.     The  base  of  the  distal 
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phalanx  oi'teii  offers  an  obstacle  to  the  passage  of  the  knife  ; 
the  glenoid  ligament — which  should  be  left  in  the  stump — is 
apt  to  be  cut  away,  and  damage  may  be  inflicted  upon  the 
tissues  of  the  palmar  flap. 

5.  A  very  line  saw  is  much  to  be  preferred  to  the  bone- 
forceps  for  dividing  the  phalanx.  The  forceps  are  apt  to 
splinter  th'e  bone,  especially  in  the  fingers  of  well-developed 
adults  and  in  old  persons  (page  30G). 
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Disarticulation  of  Fingers  at  the  Metacarpo- 
•  Phalangeal  Joints. 

These  operations  are  performed  with  great  frequency  and 
represent  the  most  common  amputations  of  the  fingers. 

It  is  well  that  the  cicatrix  should  come  upon  the  dorsum 
of  the  hand,  and  that  the  operation  should  be  so  carried  out 
as  to  involve  the  least  possible  interference  with  the  palm. 

The  following  methods  will  be  described : — 

1.  By  the  oval  method. 

2.  B}^  lateral  flaps. 

3.  Operations  for  the  forefinger. 

4.  Operations  for  the  little  finger. 

1.  By  the  Oval  or  Racket  Method.— The  method  here 
described  corresponds  to  the  French  incision  en  croupiere, 
and  does  not  exactly  accord  with  either  the  orthodox  racket 
incision  or  the  unmodified  oval  operation. 

The  dorsal  incision  is  commenced  just  above  the  head  of 
the  metacarpal  bone  (i.e.,  opposite  to  its  neck),  and  is  carried 
down  in  the  median  line  of  the  finger  until  it  has  passed  the 
base  of  the  phalanx. 

The  cut  now  divides,  and  its  limbs  sweep  obliquely  across 
each  side  of  the  root  of  the  finger.  They  are  joined  on  the 
palmar  aspect  by  a  transverse  incision,  which  exactly  follows 
the  crease  between  the  finger  and  the  palm,  and  is  therefore 
level  with  the  free  margin  of  the  web  (Fig.  82,  f). 

The  surgeon,  having  made  out  the  position  of  the  joint, 
holds  the  finger  in  the  prone  position  in  his  left  hand.  An 
assistant  steadies  the  hand  and  keeps  the  other  fingers  out  of 
the  Avay. 

Throughout  the  whole  operation  the  limb  is  kept  in  the 
prone  position. 
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The  knife  is  entered  upon  the  dorsum,  and  is  carried  first 
across  one  side  of  the  root  of  the  iinger  and  then  across  the 
other  side.  The  incision  is  completed  by  the  transverse 
pahnar  (;ut.  Three  separate  cuts  with  the  knife  are  therefore 
required. 

There  is  no  object  in  attempting  to  make  the  entire  inci- 
sion with  one  sweep  of  the  scalpel. 

The  incision  should  at  first  involve  the  skin  only. 
The  finger  is  now  extended  to  its  utmost,  and  the  palmar 

incision  is  carrie<l  to  the 
bone,  the  flexor  tendons 
bc'ing  thus  stretched  and 
divided. 

The  finger  being  then 
turned  to  one  or  other 
side,  the  lateral  incisions 
— on  each  aspect  of  the 
root  of  the  finger — are 
carried  to  the  bone.  In 
this  Avay  the  digital  ar- 
teries are  cleanly  divided, 
and  the  expansions  from 
the  lumbricals  and  inter- 
ossei  are  cut. 

The  assistant  now 
takes  the  finger,  while  the 
surgeon  dissects  back  the 
flaps,  as  far  as  the  joint- 
line,    with    the    aid  of 

Fig.  82.— A,  Disarticulation  by  single  external  ^OlCCpS.  ^ 

flap;  B,  Aminitation  by  lateral  flaps;  C,  ihe  wriSt    and  finger 

Disarticulation  by  oval  or  raclcet  incision;  i    •        f,, ll,.  oYtonrlorl  tViP 

11,  Modified  racket  incision  for  index  finger  ;  OCmg  fUiiy  extCUaea,  tne 

E,  Circular  method,  with  vertical  dorsal  cut ;  operator  OnCO  morO  takeS 

F,  Incision  r//  nvj^y;(trr ;  G,  Interno-palmar  ^  ^ ,  ,         ,            .  -, 

flap  method  for  little  flnger ;  H,  Disarticula-  hold  Ot  the  digit  and  prO- 

tion  bv  single  palmar  flap;  i,  Disarticula-  ,                        ,1       •  • 

tion  by  racket  incision ;  S<:  Amputation  of  CCCds    tO    OpeU   the  JOlllt 

the  fingers  with  their  metacarpal  bones ;  ^-^e   pahnar  aspeCt. 

L,  Circular  disarticulation  at  the  wrist.  i: 

He  cuts  the  glenoid  liga- 
ment transversely  against  the  base  of  the  phalanx,  divides  the 
lateral  ligaments,  and  finally  completes  the  operation  by 
cutting  the  extensor  tendon.    Disarticulation  may  be  effected 
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froih  the  dorsum,  but  it  renders  the  section  of  the  glenoid 
ligament  a  little  less  easy. 

The  synovial  sheath  for  the  flexor  tendons  may  be  closed. 

The  glenoid  ligameiit  remains  in  the  stump. 

The  two  palmar  digital  arteries  will  require  to  be  ligatured 
or  twisted. 

The  cicatrix  is  vertical — i.e.,  in  the  long  axis  of  the  limb. 

2.  By  Lateral  Flaps. — The  method  here  described  is  that 
often  Imown  as  Lisfranc's  operation. 

The  flaps  are  of  equal  size  and  are  a  little  rounded.  The 
base  of  each  corresponds  to  the  joint-line,  the  free  extremity 
of  each  to  the  level  of  the  web.  The  median  dorsal  cut 
commences  just  above  the  metacarpo-phalangeal  joint.  The 
palmar  median  incision  extends  into  the  palm  U'p  to  the 
level  of  that  joint  (Fig.  83,  b). 

The  modus  operandi  is  as  follows : — 

The  surgeon  marks  out  both  the  flaps  by  skin  incisions. 
He  then  dissects  up  one  of  the  flaps  (that  to  his  right)  until 
the  joint  is  reached.  This  flap  includes  all  the  soft  parts 
doAvn  to  the  bone,  and  the  digital  artery  is  divided  at  its  free 
extremity. 

He  then  opens  the  joint  by  cutting  the  exposed  lateral 
ligament,  viz.,  that  to  his  (the  surgeon's)  right. 

Holding  the  knife  vertically,  with  the  blade  directed 
upwards,  the  operator  passes  it  across  the  joint,  cuts  the 
opposite  lateral  ligament,  and  then  fashions  the  other  lateral 
flap  (that  to  the  surgeon's  left)  by  cutting  from  within  out- 
Avards. 

AU  the  tendons  are  divided  at  the  joint-level,  and  are 
severed  as  the  knife  is  passed  transversely  across  the 
articulation. 

The  digital  vessels  are  cut  at  the  free  end  of  each  flap. 

3.  Modified  Operations  for  the  Forefinger.— In  order 
that  the  cicatrix  inay  not  be  exposed  to  pressure  when  the 
thumb  is  opposed  to  the  stump,  or  when  anything  is  being 
held  in  the  hand,  the  following  modified  procedures  may  be 
carried  out : — 

{(t)  By  the  racket  incision,  with  the  vertical  cut  placed 
upon  the  side  of  the  index  nearest  to  the  middle  linger,  and 
with  the  incision  carried  a  little  further  on  the  radial  thnu 
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on  the  ulnar  side  of  the  digit.  In  the  latter  situation  it 
corresponds  to  the  web  (Fig.  82,  d). 

(b)  By  unequal  lateral  flaps,  the  external  flap  being  the 
larger. 

(c)  By  the  cxterno-palinar  flap  of  Farabeuf.  The  incision 
commences  at  the  joint-line,  just  to  the  radial  side  of  the 
extensor  tendon.  It  is  carried  down  along  the  outer  side  of 
the  dorsum  nearly  as  far  as  the  centre  of  the  shaft  of  the 
phalanx.  It  is  then  made  to  sweep  aci-oss  the  palmar  aspect 
of  the  linger  to  the  web.  From  the  web  it  passes  by  the 
shortest  route  to  the  point  at  which  the  incision  connnenced 
(Fig.  83,  A). 

The  large  flap  is  dissected  up,  carrying  with  it  all  the  soft 
parts  down  to  the  bone.  The  tendons  are  divided  and  dis- 
articulation effected  in  the  usual  way. 

4.  Modified  Operations  for  the  Little  Finger. — These 
have  for  their  object  the  removal  of  the  cicatrix  from  an 
exposed  position. 

(a)  By  a  racket  incision,  with  the  vertical  cut  placed 
upon  the  side  of  the  digit  nearest  to  the  ring-finger,  and  with 
the  incision  carried  a  little  further  on  the  ulnar  than  on  the 
radial  side  of  the  finger. 

(6)  By  unequal  lateral  flaps,  the  internal  being  the  larger. 

(c)  By  the  interno-palmar  flap  of  Farabeuf  (Fig.  82,  g). 
It  corresponds  to  the  flaj)  already  described  as  employed  for 
the  index  finger,  with  the  necessary  difference  that  the  posi- 
tion of  the  incisions  is  transposed. 

Comment  on  the  above  Operations. — In  all  these  disarticu- 
lations, the  head  of  the  mefacarjaal  bone  should  be  spared 
whenever  possible. 

It  is  unreasonable  to  sacrifice  it  simply  on  the  ground 
that — in  a  particular  case — the  covering  of  soft  parts  is 
scanty.  It  is  better,  in  such  an  instance,  that  the  necessarily 
gaping  wound  should  be  allowed  to  granulate  over  than  that 
the  end  of  the  bone  should  be  removed. 

It  is  still  more  unreasonable  to  sacrifice  it  on  the  ground 
that  its  removal  improves  the  aspect  of  the  mutilated  hand. 
The  appearance  of  the  part  may  certainly  be  improved  at  the 
moment  of  the  oj)eration,  but  in  the  course  of  time  the  un- 
naturally narrow  extremity  does  not  compare  fiivourably 
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with  the  hand  marked  by  an  unduly  Avide  gap  between  the 
finsfers. 

The  head  of  the  bone,  if  left,  appears  to  waste.  The  soft 
parts  about  it  certainly  waste  ;  and  if  the  hand  be  inspected 
six  months  after  the  disarticulation,  it  will  seldom  be  evident 
that  the  removal  of  the  head  of  the  bone  would  have  led  to 
an  improvement  in  the  appearance  of  the  part. 

The  excision  of  the  head  weakens  the  hand  greatly,  an 
effect  due,  probably,  to  a  severing  of  the  connections  of  the 
transverse  ligament.  Its  removal  involves,  moreover,  an 
undesirable  opening  up  of  the  tissues  of  the  palm. 

Of  the  two  operations  first  described,  the  better  is  un- 
doubtedly that  by  the  racket  incision.  The  cicatrix  in  this 
operation  is  well  placed,  and  the  tissues  of  the  palm  are  not 
disturbed.  The  edges  of  the  Avound  come  fairly  Avell  together, 
but  a  little  pocket  is  apt  to  be  left  in  the  palmar  tissues  just 
in  front  of  the  head  of  the  metacarpal  bone,  in  which  pouch 
pus  may  collect. 

The  operation  by  lateral  flaps  has  the  advantages  of  afford- 
ing a  good  covering  to  the  bone,  a  wound  that  can  be  neatly 
approximated,  without  allowing  any  "  pocket "  to  be  formed, 
and  consequently  good  drainage.  Itiias  two  great  draAvbacks, 
hoAvever :  the  cicatrix  is  carried  into  the  palm,  and  the  tissues 
are  of  necessity  opened  up. 

The  method  by  means  of  a  circular  incision  at  the  level  of 
the  web,  Avith  a  median  dorsal  cut  (Fig.  82,  e),  affords  a  most 
excellent  covering  to  the  bone,  but  it  provides  a  somcAvhat 
clumsy  stump. 

The  various  operations  for  the  index  and  little  fingers 
call  for  no  especial  comment.  Farabeuf  s  methods  by  intero- 
palmar  or  externo-palmar  flaps  are  probably  the  best,  while 
the  method  of  unequal  lateral  flaps  is  the  least  to  be  advised. 
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C!HAPTER  XIII. 

Amputations  and  Disarticulations  of  the  Thumb. 

In  performing  an  operation  through  the  first  or  the  second 
phalanx,  or  in  disarticulating  at  the  intor-phalangoal  joint, 

one  or  other  of  the  methods 
already  described  in  Clhap- 
ter  XL  may  be  employed 
(Fig.  82,  H  and  Fig.  88,  c). 

The  connuents  applied 
to  these  operations  apply 
equally  when  they  concern 
the  thumb.  In  any  am- 
putation below  the  inter- 
phalangeal  joint  the  sheath 
for  the  flexor  tendon  should 
be  closed.  There  are  four 
digital  arteries  to  the 
thumb,  and  two  at  least  of 
these  will  probably  need  to 
be  secured. 

Disarticulation  at  the 
Met  acarpo- phalangeal 
Joint. — It  may  be  remem- 
bered that  the  extensor 
primi  internodii  pollicis, 
the  abductor  and  the  ad- 
ductor pollicis,  and  the 
flexor  brevis  pollicis,  all 
tind  insertion  into  the  base 
of  the  flrst  phalanx. 

The  methods  described 
in  the  previous  chapter  apply  in  general  terms  to  this  dis- 


Fig.  83.— A,  Disarticulation  by  special  ex- 
terno-palinar  flap ;  B,  Disarticulation  by 
lateral  flaps ;  c,  Amputation  by  unequal 
dorso-palniar  flaps ;  v,  Disarticulation  by 
oblique  palmar  flap  ;  e,  Disarticulation  of 
the  ring  finger,  with  its  metacarpal  bone, 
by  racket  incision  ;  f,  Same  operation  upon 
the  little  finger  ;  0,  Dubrueil's  disarticula- 
tion at  the  wrist. 
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articulation.  The  two  most  suitable  operations  are  the  fol- 
loAving : — 

1.  By  the  Racket  Incision. — The  incision  conmiences 
upon  the  dorsum,  opposite  the  neck  of  the  metacarpal  bone, 
and  is  continued  down  along  the  line  of  the  extensor  tendon 
until  the  base  of  the  first  phalanx  is  passed.  Here  the  incision 
divides  to  form  the  oval,  the  palmar  cut  crossing  the  thumb 
transversely  about  opposite  to  the  centre  of  the  shaft  of  the 
phalanx  (Fig.  82,  i). 

The  steps  of  the  operation  have  been  already  described 
(page  329).    Disarticulation  may  be  effected  from  the  dorsum. 

The  two  extensor  tendons  are  divided  opposite  to  the  joint- 
line.  The  flexor  longus  pollicis  tendon  may  be  severed 
opposite  to  the  palmar  incision,  and  the  extremity  of  the 
tendon  may  be  attached  to  the  sesamoid  bones.  The  latter 
structures  should  be  carefully  detached  from  the  base  of  the 
phalanx  and  are  left  in  the  stump. 

The  sheath  for  the  long  flexor  tendon  should  be  entirely 
closed.  Two  or  more  digital  vessels  "will  probably  require 
hgatures. 

2.  By  Oblique  Palmar  Flap. — This  is  Farabeufs  method. 
It  is  most  excellent  in  cases  where  the  tissues  permit  of  so  large 
a  flap  being  cut. 

The  dorsal  incision  is  U-shaped,  the  concavity  being 
towards  the  nail,  and  the  bend  of  the  U  opposite  to  the  joint- 
line. 

The  palmar  mcision  is  U-shaped,  the  convexity  being  to- 
wards the  nail,  and  the  bend  reaching  nearly  to  the  inter- 
digital  fold  in  the  skui.  The  lines  of  the  cut  follow  the  lateral 
borders  of  the  thumb  (Fig.  83,  d).  The  flap  is  dissected  up 
in  the  usual  way.  The  extensor  tendons  are  divided  oppo- 
site to  the  joint,  and  the  long  flexor  about  the  middle  of  the 
phalanx.  The  operation  is  finished  m  the  manner  already 
described. 
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CHAPTER  XIV. 

Amputations  of  the  Fingers  and  Thumb,  together  with 
Portions  of  the  Metacarpus. 

These  operations  include  the  partial  or  complete  removal 
of  one  or  more  metacarpal  bones,  together  Avith  the  correspond- 
ing digit  or  digits.  They  are  seldom  performed  in  their 
entirety  in  actual  practice.  There  are  but  few  conditions  in 
either  injury  or  disease  Avhich  could  render  them  possible. 
The  least  infrequent  of  these  operations  concern  the  amjjuta- 
tion  of  the  thumb,  with  its  metacarpal  bone,  and  the  removal 
of  crushed  fingers,  together  with  such  part  of  the  metacarpus 
as  is  hopelessly  damaged. 

As  dead-house  operations,  the  procedures  here  described 
form  very  admirable  exercises. 

In  this  part  of  the  hand  the  rule  still  holds  good  that 
every  portion  and  fi*agment  of  tissue  should  be  spared  when- 
ever possible. 

Anatomical  Points. — The  main  dangers  of  these  operations 
consist  in  possible  damage  inflicted  upon  the  tissues  of  the 
palm,  in  wounding  the  deep  palmar  arch  or  the  termination 
of  the  radial  artery,  and  in  opening  up  the  general  synovial 
sac  of  the  carpus,  or  the  scarcely  less  important  synovial  sac 
about  the  flexor  tendons  beneath  the  annular  ligament. 

The  surface  markings  on  the  palm  of  the  hand  should  be 
called  to  .mind,  together  with  their  relations  to  the  metacarpal 
bones  and  the  palmar  arches  (Fig.  77).  The  gi-eat  crease 
produced  by  the  apposition  of  the  thumb  is  very  noteworthy. 
The  lowest  transverse  crease  on  the  palm  crosses  the  necks 
of  the  metacarpal  bones,  and  indicates  pretty  nearly  the  upper 
limits  of  the  synovial  sheaths  for  the  flexor  tendons  of  the 
three  outer  fingers.  A  little  way  below  this  fold  the  palmar 
fascia  breaks  up  mto  its  four  slips,  and  midway  between  the 
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fold  and  the  webs  of  the  fingers  He  the  niotacarpo-phalangeal 
joints. 

The  aspect  of  the  carpo-metacarpal  hne  of  jomts — from 
the  dorsum — is  to  be  observed  ;  the  saddle-shaped  surface  of 
the  base  of  the  first  metacarpal  bone  as  it  articulates  with  the 
trapezium ;  the  V-shaped  articular  line  between  the  meta- 
carpal of  the  index  and  the  trapezoid;  the  remarkable 
projection  (styloid  process)  from  the  base  of  the  third  meta- 
carpal bone  at  its  dorsal  and  radial  aspect,  and  the  compara- 
tive simplicity  of  the  joints  connecting  the  two  inner  bones 
with  the  unciform. 

The  base  of  the  metacarpal  bone  of  the  thumb  is  formed 
by  an  epiphysis  Avhich  joins  the  shaft  at  about  twenty. 

A  separate  and  isolated  synovial  cavity  separates  both  the 
first  metacarpal  and  the  fifth  from  their  respective  carpal 
bones.  The  remaining  metacarpals  are  separated  from  the 
carpus  by  the  common  synovial  sac  of  the  hand. 

The  joint  between  the  thumb  and  the  trapezium  is  pro- 
vided with  a  distinct  capsule. 

The  bases  of  the  four  inner  metacarpals  are  united  by 
transverse  dorsal,  palmar,  and  interosseous  ligaments. 

A  strong  and  special  interosseous  band  passes  between  the 
OS  magnum  and  unciform  and  the  bases  of  the  third  and 
fourth  metacarpal  bones. 

To  the  base  of  the  first  metacarpal  is  attached  the 
extensor  ossis  metacarpi  pollicis ;  to  the  base  of  the  second 
the  extensor  carpi  radialis  longior  and  the  flexor  carpi 
radialis ;  to  the  base  of  the  third  the  extensor  carpi  radialis 
brevier;  and  to  the  base  of  the  fifth  bone  the  extensor  carpi 
ulnaris  and  some  fibres  of  the  flexor  carpi  ulnaris. 

To  the  shafts  of  all  the  bones  some  portions  of  the  inter- 
ossei  muscles  are  attached,  and  into  the  shafts  of  the  meta- 
carpals of  the  thumb  and  little  finger  are  inserted  in  addition 
the  corresponding  opponens  nuiscle. 

The  joint  of  the  thumb  is  easily  defined  on  movement. 
In  removing  the  metacarpal  bone  of  that  digit,  the  details  of 
the  tahatiere  anatomiqioe  should  be  called  to  mind.  The 
space  so  named  is  bounded  by  the  extensor  secundi  internodii 
pollicis  on  the  one  side,  and  the  Jextensorcs  ossis  metacarpi 
and  priini  internodii  on  the  other, 
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In  its  floor  are  the  scaphoid,  the  trapezium,  and  the  carpo- 
metacarpal joint  of  the  thumb.  The  extensor  secmidi  tendon 
just  crosses  the  apex  of  the  first  interosseous  space.  The 
radial  artery  runs  over  the  floor  of  the  tahatiere  and  passes 
through  the  apex  of  the  interspace  to  reach  the  palm. 

The  position  of  the  synovial  sheaths  of  the  flexor  tendons 
has  been  already  indicated  (page  319). 

The  deep  palmar  arch  crosses  the  shafts  of  the  second, 
third,  and  fourth  metacarpal  bones  close  to  their  bases  (Fig.  77). 

Each  digital  artery  bifurcates  a  little  more  than  one  quarter 
of  an  inch  above  the  free  edge  of  the  web  of  the  finger. 

Instruments. — A  stout  narrow  scalpel  Avith  a  blade  about 
Ih  inch  long  will  suffice  for  the  oval  methods,  and  a  slender 
bistoury,  with  a  cutting  edge  of  some  9  inches,  is  required  for 
transfixion  operations.  A  tine  keyhole-saw.  Small  retractors. 
Bone-forceps.  An  elevator,  if  the  periosteum  is  to  be  preserved. 
Dissecting  and  artery  forceps.    Scissors,  needles,  etc. 

Position. — The  surgeon  sits  with  the  patient's  hand  before 
him.  The  limb  should  be  in  the  position  of  pronation.  The 
operator  grasps  the  flnger  to  be  removed,  keeping  his  hand 
supine.  An  assistant,  placed  opposite  to  the  surgeon,  holds 
the  patient's  hand  in  the  required  position,  and  keeps  the  sound 
digits  out  of  the  way. 

The  following  procedures  will  be  described  : — 

A.  Partial  amputations. 

B.  Disarticulation  of  a  finger  with  its  metacarpal  bone, 
c.  Disarticulation  of  the  thumb  -with  its  metacarpal 

bone. 

D.  Amputation  of  several  fingers  with  their  meta- 
carpal bones. 

A.  Partial  Amputations. — As  much  of  the  metacarpus 
should  be  preserved  as  is  possible.  In  such  partial  opera- 
tions the  deep  pahnar  arch  is  not  exposed  to  the  risk  of  being 
wounded :  the  attachments  of  certain  tendons  are  preserved, 
the  carpo-metacarpal  synovial  sacs  are  not  opened  up,  and  if 
the  bone  be  divided  beyond  its  centre  the  synovial  sacs  of 
the  flexor  tendons  may  escape  the  luiife  in  the  case  of  the 
three  middle  digits. 

The  racket  method  should  be  employed.  The  vertical 
incision  follows  the  median  dorsal  line  of  the  metacarpal, 
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while  the  oval  cut  traverses  the  web  and  follows  the  transverse 
digito-palmar  crease. 

The  general  features  of  the  operation  are  the  same  as  in 
the  complete  disarticulations  {vide  infra). 

The  dorsal  incision  should  be  commenced  a  httle  way- 
above  the  point  at  which  it  is  intended  to  divide  the  bone. 

The  bone  should  be  severed  with  a  saw  whenever  possible^ 
the  soft  parts  being  protected  by  a  director  during  the  passage 
of  the  instrument.  The  shaft  is  apt  to  be  much  crushed  if 
bone-forceps  are  employed. 

The  second  and  fifth  metacarpals  should  be  divided 
obliquely,  so  that  the  end  of  the  bone  may  not  project  unduly 
upon  the  margin  of  the  hand. 

B.  Disarticulation  of  a  Finger  with  the  corresponding 
Metacarpal  Bone. — The  racket  incision  is  conveniently  em- 
ployed. The  operation  may  be  illustrated  upon  the  ring 
finger  (Fig.  83,  e).  The  joint  line  having  been  made  out,  the 
queue  of  the  racket  is  commenced  just  above  the  articulation, 
and  is  carried  down  along  the  dorsum  of  the  metacarpal  until 
the  base  of  the  knuckle  is  reached. 

The  incision  here  divides,  and  the  oval  wound,  following 
the  clefts  between  the  fingers,  crosses  the  web  and  terminates 
transversely  at  the  digito-palmar  crease  in  the  skm. 

The  incision  involves  at  first  the  sldn  only,  the  surgeon 
holding  the  finger  and  manipidating  it  as  required  with  his 
left  hand. 

An  assistant  now  takes  charge  of  the  finger  while  the 
surgeon  deepens  the  dorsal  incision  and  divides  the  extensor 
tendons  just  beyond  the  base  of  the  bone. 

The  sides  of  the  shaft  of  the  metacarpal  are  now  bared 
fi'om  one  end  to  the  other,  the  knife  being  kept  very  close  to 
the  bone.  During  this  step  the  surgeon  uses  his  left  finger  to 
assist  in  the  separation  of  the  interossei  from  the  shaft,  the 
assistant  rotating  the  digit  as  required. 

The  knife  is  carried  back  between  the  bases  of  the 
metacarpal  bones  (on  either  side  of  the  bone  to  be  removed), 
so  as  to  divide  the  interosseous  ligaments ;  the  skin  is  at  the 
same  time  retracted,  so  as  to  expose  the  part.  To  more  con- 
veniently reach  the  articulation,  a  transverse  cut  may  be  made 
at  the  end  of  the  vertical  incision  (Fig.  88,  e). 
w  2 
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The  operator  now  carries  the  knife  forward  through  the 
tissues  of  the  web  on  either  side  of  the  finger,  and,  the  digit 
being  fully  extended,  the  palmar  incision  is  carried  down  to  the 
flexor  tendons. 

The  assistant  then  holds  the  finger  in  the  position  of 
the  extremest  extension,  while  the  surgeon  lays  bare  the  under- 
surface  of  the  flexor  tendons,  which  he  ultimately  divides 
opposite  the  neck  of  the  shaft. 

While  the  finger  is  still  extended  to  the  utmost,  the 
operator  exposes  the  palmar  surface  of  the  bone  as  well  as  is 
possible  and  as  far  back  as  is  possible. 

The  ligaments  of  the  joint  having  been  divided,  the  finger 
is  turned  back  upon  the  dorsum  of  the  hand,  and  the  last 
structures  divided  are  such  resisting  palmar  structures  as  still 
remain,  together  with  the  tendon  of  the  extensor  carpi  radialis 
brevier. 

The  digital  arteries  are  divided  in  the  tissues  of  the  Aveb. 

The  synovial  sheath  of  the  flexor  tendons  should  be  closed 
with  fine  catgut  sutures,  if  possible. 

In  the  case  of  the  index  finger  the  vertical  incision  should 
be  carried  along  the  dorsum  of  the  bone  rather  than  along  its 
radial  side,  as  sometimes  advised.  A  transverse  cut  should  be 
made  over  the  trapezoid  at  the  end  of  this  incision. 

In  removing  the  little  finger  with  its  metacarpal  bone,  the 
dorsal  incision  should  be  placed  rather  towards  the  inner  side 
of  the  shaft  of  the  bone,  and  from  its  extremity  a  short 
transverse  cut  may  be  made  towards  the  ulnar  margin  of  the 
hand  (Fig.  83,  f). 

In  clearing  the  bone  it  is  convenient  to  have  the  patient's 
elbow  held  upon  the  table  by  an  assistant,  who  at  the  same 
time  flexes  the  forearm  until  it  is  nearly  vertical,  and  well 
abducts  the  finger  to  be  removed. 

The  metacarpal  is  removed  laterally,  and  is  not  turned  up 
upon  the  dorsum  of  the  hand.  During  its  removal  it  is  made 
to  assume  the  position  of  the  extremest  abduction. 

The  operation  by  lateral  internal  flap  cut  by  transfixion  is 
to  be  condenmed.  It  has  no  advantages,  and  involves  a  scar 
upon  both  the  dorsal  and  palmar  aspects  of  the  hand. 

c.  Disarticulation  of  the  Thumb,  together  with  its  Meta- 
carpal Bone. — In  this  operation  especial  care  must  be  taken 
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not  to  wound  the  radial  artery  as  it  passes  close  to  the  base 
of  the  metacarpal  bone  to  reach  the  palm,  and  not  to 
open  the  joint  between  the  metacarpal  of  the  index  and  the 
trapezoid. 

One  of  the  two  following  methods  may  be  employed  : — 

1.  The  Racket  Method. — The  hand  is  to  be  held  in  the 
mid-position  between  pronation  and  supination.  The  wrist  is 
steadied  by  an  assistant  while  the  surgeon  holds  the  thumb. 

The  dorsal  incision  commences  in  the  tahatiere,  just  above 
the  carpo-metacarpal  joint,  and  on  the  tendon  of  the  extensor 
primi  internodii  poUicis.  It  runs 
along  the  dorsum  of  the  thumb, 
keeping  nearer  to  the  external  than 
the  internal  border  of  the  meta- 
carpal bone. 

The  oval  encircles  the  head  of 
that  bone  and  crosses  the  palmar 
aspect  of  the  digit  on  a  level  with 
the  free  edge  of  the  web  as  dis- 
played when  the  thumb  is  abducted 
(Fig.  84). 

The  incision  at  first  involves  the 
skin  only,  and  the  operator  him- 
self holds  and  manipulates  the 
member  while  the  racket  is  being 
made. 

An  assistant  now  takes  the 
thumb,  and  the  surgeon  proceeds 
to  deepen  the  dorsal  incision  to  the 
bone,  cutting  the  extensores  primi 
and  secundi  as  high  up  as  possible. 

The  dorsal  surface  of  the  bone  and  each  side  of  it  are 
then  bared  of  soft  parts  as  far  as  can  be  effected  from  the 
dorsum. 

The  knife  must  throughout  be  kept  close  to  the  bone. 

The  thumb  is  now  forcibly  abducted.  The  palmar  incision 
is  deepened.  The  nuiscles  attached  to  the  base  of  the  first 
phalanx  are  divided  close  to  the  sesamoid  bones. 

The  thumb  being  turned  and  rotated  from  side  to  side  by 
the  assistant  as  required,  the  palmar  surface  of  the  meta- 


Fig.  84.  —  DISAETICULATION  OF 
THE  THUMB  WITH  ITS  META- 
CAEPAX  BONE  BY  A  EACKET 
INCISION. 
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carpal  is  cleared,  the  knife  being  kept  close  to  the  bone.  The 
long  flexor  tendon  may  be  divided  about  the  middle  of  the 
metacarpal  bone. 

The  operator  once  more  takes  hold  of  the  thumb,  and 
wrenching  it  from  side  to  side  as  needed,  effects  the  disarticula- 
tion. 

Probably  the  last  structure  divided  is  the  tendon  of  the 
extensor  ossis  metacarpi  poUicis. 

The  sheath  of  the  flexor  tendon  should  be  closed  if 
possible. 

The  arteria  princcps  pollicis,  or  its  two  collateral  branches, 
will  be  found  divided  on  the  palmar  aspect  of  the  wound  and 

will  require  a  ligature. 
The  vessel  runs  along  the 
palmar  side  of  the  meta- 
carpal bone,  and  bifurcates 
between  the  heads  of  the 
flexor  brevis  and  under 
cover  of  the  long  flexor. 

The  two  dorsal  arteries 
of  the  thumb  are  small 
and  may  not  require  to  be 
secured. 

2.  By  Palma7-  Fla/p. — 
This  operation  may  be 
rapidly  performed,  but  it 
is  decidedly  inferior  to 
the  method  just  described. 
A  considerable  section  of 
the  nuiscular  tissues  is 
made ;  there  is  greater 
danger  of  wounding  the 
radial  in  the  palm  and  of 
opening  a  carpal  joint. 
The  flap  is  cut  by  trans- 
detailed  by  Sir  William 


Fig.  85.— A,  Disarticulation  of  the  thumb  with 
its  metacarpal  bone  by  palmar  flap  ;  B,  Ampu- 
tation of  the  three  inner  fingers  with  then* 
metacarpal  bones. 


flxion,  and  the  operation  is  thus 
MacCormac  : — 

"  An  assistant  should  grasp  the  finger  while  the  surgeon 
abducts  the  thumb.  The  knife,  introduced  into  the  centre  of  the 
web,  and  passed  towards  the  trapezium,  beneath  the  muscles  of 
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the  thumb,  is  made  to  emerge  at  the  base  of  the  metacarpal 
bone,  and  then  by  cutting  outAVards  a  rounded  flajD  is  formed, 
comprising  the  whole  of  the  tissues  of  the  ball  of  the  thumb 
(Fig.  85,  a).  The  extremities  of  this  flap  are  now  united 
by  a  straight  mcision  across  the  dorsal  aspect,  the  thumb 
being  still  held  strongly  abducted,  the  remaming  soft 
tissues  are  divided,  the  joint  opened  on  the  inner  side,  and 
the  disarticulation  completed. 

"  The  flap  may  be  formed  by  introducing  the  knife  at  the 
base  of  the  metacarpal  bone,  and  bringing  it  out  at  the  centre 
of  the  web.    This  is  preferable  on  the  left  side." 

D.  Amputation  of  several  Fingers,  together  with  their 
Metacarpal  Bones. — These  operations  cannot  be  systematised, 
and  the  majority  of  the  procedures  which  figure  in  French 
manuals  must  be  regarded  merely  as  ingenious  dead-house 
operations. 

These  amputations  concern  for  the  most  part  cases  of 
crush  of  the  hand  and  of  frost-bite,  in  which  the  least  amount 
of  tissue  is  sacrificed,  and  in  which  definite  flaps  can  seldom 
be  cut  or  definite  incisions  followed. 

The  following  may  be  briefly  cited  as  methods  which  are 
at  least  theoretically  suitable  :— 

1.  Amputation  of  the  Two  Inner  Fingers  and  their 
Metacarpal  Bones. — The  racket  method  may  be  employed. 
The  dorsal  incision  commences  on  the  outer  side  of  the  base 
of  the  fifth  metacarpal,  and  after  following  the  fourth  inter- 
osseous space  but  about  one  inch  it  divides,  one  limb  dividing 
the  web  between  the  middle  and  ring  finger,  and  the  other 
crossing  the  Imuclde  of  the  little  finger  on  its  inner  side.  The 
two  extremities  of  this  Y-shaped  incision  are  joined  by  a 
transverse  palmar  cut  following  the  palmo-cligital  creases. 

2.  Amputation  of  the  Three  Inner  Fingers  with  their 
Metacarpal  Bones. — The  knife  follows  the  lines  shown  in 
Fig.  85,  B.  The  incision  commences  a  little  way  below  the 
base  of  the  fifth  metacarpal,  runs  downwards  and  outwards 
across  the  palm  below  and  parallel  to  the  main  transverse 
crease.  It  is  then  directed  towards  the  base  of  the  middle 
finger,  and  finally  divides  the  web  to  the  outer  side  of 
that  digit.  A  similar  incision  is  made  upon  the  dorsum, 
and  in  this  way  equal  dorsal  and  palmar  flaps  are  made. 
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3.  Ain/mtafi(rii.  of  all  f/ie  Fivgers  with  their  Meiacarpal 
Bones. — Horc  a  short  palmar  flap  may  be  made.  The  lines  of 
the  incisions  are  shown  in  Fig.  82,  k.  The  dorsal  wound  is 
concave  forwards,  the  palmar  wound  convex. 

Some  surgeons  cut  the  palmar  flap  by  transfixion. 

In  any  of  the  operations  named  the  metacarpal  bones  may 
be  sawn  through  near  their  bases,  or  may  be  completely 
removed  by  disarticulation. 

AFTER-TREATMENT  OF  AMPUTATION  OF  THE  FINGERS 

AND  THUMB. 

The  wounds  after  these  operations  as  a  rule  heal  well. 
Portions  of  divided  tendons  may  slough,  and  pus  may  find  its 
way  along  the  sheaths  of  the  tendons  when  those  canals  have 
not  been  closed. 

As  the  skin  of  palmar  flaps  is  usually  thick  and  stiff,  the 
sutures  shoidd  be  well  applied,  and  should  not  be  too  soon 
removed.  Silkworm-gut  sutures  are  well  adapted  for  these 
operations. 

The  hand  should  be  kept  elevated,  and  never  allowed  to 
hang  down,  and  care  must  be  taken  that  too  tight  bandages 
are  not  applied  about  the  wrist. 

In  the  larger  operations,  especially  where  a  palmar  flap  has 
been  cut,  the  hand  should  be  supported  upon  a  splint  in  order 
to  arrest  the  movements  of  the  wrist. 

As  a  rule  no  drainage-tube  is  required ;  but  Avhen  the 
metacarpus  is  concerned,  and  when  the  tissues  of  the  palm 
have  been  lacerated  or  opened  up,  a  tube  may  with  benefit  be 
introduced  and  retained  for  some  twenty-four  or  forty-eight 
hours. 

The  partial  operations  following  upon  crushes  of  the  hand 
must  be  treated  upon  the  same  principles  as  apply  to  com- 
plic^ited  wounds. 
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CHAPTER  XV, 

Disarticulation  at  the  Wrist-Joint. 

Opportunities  for  the  performance  of  this  operation  are 
not  common. 

In  cases  of  injury  the  soft  parts  may,  on  the  one  hand, 
be  so  extensively  damaged  as  to  involve  amputation  of  the 
forearm ;  or  the  lesion  may,  on  the  other  hand,  be  so  limited 
as  to  make  it  possible  to  save  the  carpus  or  a  part  of  the 
metacarpus,  with  possibly  a  finger. 

In  cases  of  disease  of  the  carpal  bones  requiring  amputa- 
tion, the  skin  about  the  -wrist  is  usually  so  involved  and  so 
penetrated  by  sinuses  that  the  limb  has  to  be  removed 
higher  up. 

As,  moreover,  the  movements  of  pronation  and  supination 
have  probably  been  lost  during  the  progress  of  the  disease,  there 
is  less  reason  for  disarticulation  in  these  cases. 

The  operation  has  been  performed  in  instances  in  which 
excision  of  the  wrist  has  failed. 

Anatomical  Points. — The  styloid  process  of  the  radius  lies 
more  anteriorly  than  does  the  corresponding  process  of  the 
ulna,  and  also  descends  nearly  half  an  inch  lower  down  the 
limb.  Most  of  the  tendons  about  the  wrist  can  be  made 
out  through  the  skin.  The  palmaris  longus  tendon  is  nearly 
opposite  to  the  centre  of  the  wrist  in  front.  A  little  to  its 
outer  side  is  the  larger  but  less  prominent  tendon  of  the  flexor 
carpi  radialis.  In  the  groove  between  these  two  tendons  lies 
the  median  nerve.  Of  the  tendons  at  the  back  of  the  wrist, 
the  most  conspicuous  is  that  of  the  extensor  secundi  internodii 
pollicis.  It  leads  up  to  a  small,  bony  elevation  at  the  back 
of  the  radius,  which  serves  to  indicate  the  centre  of  the 
posterior  surface  of  that  bone,  and  also  the  position  of  the 
intei-val  between  the  scaphoid  and  semilunar  bones. 

When  the  hand  is  supine,  the  styloid  process  of  the  ulna  is 
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exposed  at  the  inner  and  posterior  aspect  of  the  wrist,  to  the 
inner  side  of  the  extensor  carpi  uhiaris.  In  pronation,  how- 
ever, the  process  is  rendered  indistinct,  while  the  head  projects 
prominently  on  the  posterior  part  of  the  wrist,  and  is  found  to 
lie  between  the  tendons  of  the  extensor  carpi  ulnaris  and 
the  extensor  minimi  digiti. 

The  tip  of  the  styloid  process  of  the  ulna  forms  the  best 
guide  to  the  wrist-joint.  A  knife  introduced  below  that  point 
of  bone  will  enter  the  articulation.  A  knife  entered  horizon- 
tally just  below  the  tip  of  the  radial  styloid  jDrocess  will  hit 
the  scaphoid  bone. 

A  line  drawn  between  the  two  styloid  processes  slo23es 
downwards  and  outwards,  and  represents  the  extreme  inferior 
limits  of  the  radio-carpal  joint,  while  it  is  at  the  same  time 
nearly  half  an  inch  below  the  summit  of  the  arch  of  that 
articulation. 

Of  the  several  folds  in  the  skin  on  the  front  of  the  wrist,  the 
lowest  is  the  most  distinct  (Fig.  77).  It  is  a  little  convex  down- 
wards, crosses  the  neck  of  the  os  magnum  in  the  line  of  the 
third  metacarpal  bone,  and  is  nearly  three-quarters  of  an  inch 
below  the  arch  of  the  wrist-joint.  It  is  about  half  an  inch 
above  the  carpo-metacarpal  joint-line,  and  indicates  very 
fairly  the  upper  border  of  the  anterior  annular  ligament. 

The  skin  on  the  dorsum  of  the  wrist  is  thin,  and  the 
subcutaneous  tissue  is  scanty  and  very  lax.  The  integuments, 
as  a  consequence,  retract  very  considerably  when  divided. 
Farabeuf  states  that  3  cm.  should  be  allowed  for  this 
retraction,  which  he  characterises  as  enormous. 

The  bony  eminences  formed  by  the  tubercle  of  the  scaphoid 
and  the  ridge  of  the  trapezium  on  the  one  side,  and  the  pisiform 
bone  and  the  unciform  process  on  the  other,  should  be  defined. 
The  anterior  annular  ligament,  which  is  about  the  size  and 
shape  of  a  postage-stamp,  extends  between  them,  and  bridges 
over  the  hollow  in  which  the  main  tendons  run. 

The  position  and  extent  of  the  synovial  sheaths  for  the 
flexor  tendons  have  been  already  alluded  to  (page  319). 

Beneath  the  posterior  annular  ligament  are  six  synovial 
tendon-sheaths.  The  sheaths  for  the  extensors  of  the  meta- 
carpal bone  and  first  phalanx  of  the  thumb  and  for  the  radial 
extensors  reach  some  three-quarters  of  an  inch  above  the  radial 
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styloid  process.  The  remaining  sheaths  extend  only  to  the 
upper  margin  of  the  annular  ligament. 

The  position  of  the  palmar  arches  must  be  borne  in  mind. 
The  deep  branch  of  the  ulnar  artery  arises  immediately  below 
the  pisiform  bone.  The  radial,  to  reach  the  back  of  the 
■vvrist,  crosses  the  external  lateral  ligament  of  the  wrist  upon 
which  it  rests. 

The  wrist-joint  has  a  separate  synovial  sac. 

The  synovial  sheath  of  the  extensor  minimi  digiti  some- 
times communicates  with  the  inferior  radio-ulnar  joint. 

Of  the  ligaments  of  the  wrist  the  anterior  is  the  strongest, 
while  the  posterior  is  the  most  feeble. 

Instruments. — A  narrow  amputating-knife,  with  a  stout 
handle,  and  a  blade  from  three  to  four  inches  in  length.  A 
scalpel.    Dissecting  and  artery  forceps,  scissors,  needles,  etc. 

Position. — The  surgeon  sits  facing  the  patient's  forearm, 
which  is  abducted  horizontally,  and  with  the  hand  pronated. 
An  assistant  stands  facing  the  operator,  and  with  his  back  to 
the  patient's  shoulder.  He  steadies  the  limb,  draws  up  the 
soft  parts,  and  takes  charge  of  the  flaps  as  they  are  formed. 
He  can  also  manipulate  the  hand  if  required.  A  second 
assistant  may  conveniently  attend  to  the  sponging. 

The  following  methods  of  disarticulating  will  be  de- 
scribed : — 

1.  Circular. 

2.  By  elliptical  incision. 

3.  By  long  palmar  flap. 

4.  By  external  flap  (Dubrueil's  operation). 

1.  The  Circular  Method. — The  circular  incision  is  some 
way  below  the  joint,  and  is  inclined  a  little  lower  down  upon  the 
radial  than  upon  the  ulnar  side,  in  order  that  the  outer  styloid 
process  may  be  well  cleared. 

The  incision  on  the  inner  side  is  just  above  the  base  of  the 
fifth  metacarpal  bone,  while  on  the  outer  side  it  crosses  the 
first  metacarpal  about  1  cm.  below  the  carpo-metacarpal 
joint  of  the  thumb  (Fig.  82,  l  and  Fig.  86,  a). 

The  surgeon,  holding  the  patient's  hand  in  his  left 
hand,  makes  the  circular  incision,  commencing  it  upon  the 
dorsum,  and  turning  the  hand  from  the  prone  to  the  supme 
position  as  the  knife  travels  round  the  limb. 
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The  incision  concerns  at  first  the  skin  and  the  subcnta- 
neous  tissues  only,  and  as  it  is  being  made  the  assistant' 
draws  up  the  soft  parts  of  the  dorsum. 

The  hand  is  now  allowed  to  drop'  into  the  prone 
position,  while  the  operator  dissects  up  the  integuments  of 
the  dorsum  until  the  joint-line  is  reached  and  the  styloid 
processes  are  cleared.  The  left  fingers  are  used  to  assist  in 
this  retraction. 

The  surgeon  once  more  grasps  the  pronated  hand,  and 
flexing  the  wrist  to  the  utmost,  divides  the  left  lateral  liga- 
ment {i.e.,  the  ligament  on  the  operator's  left). 

By  continuing  the  incision  transversely,  all  the  extensor 
tendons  are  severed  opposite  the  line  of  the  articulation, 
the  joint  is  opened,  and  finally  the  right  lateral  ligament  is 
cut. 

Still  flexing  the  wrist,  and  so  rotating  the  hand  that 
the  border  on  the  surgeon's  right  is  turned  well  forward,  the 
operator  cuts  the  anterior  ligaments  close  to  the  carpus,  and 
clears  the  bony  eminences  at  the  root  of  the  palm.  Unless 
care  be  taken,  the  pisiform  bone  is  very  apt  to  be  left 
behind. 

Little  now  is  left  but  the  mass  of  the  flexor  tendons. 
These  are  dragged  upon  while  the  wrist  is  still  forcibly 
flexed,  and  the  knife  having  been  passed  between  the  carpus 
and  the  tendons  in  question,  the  limb  is  finally  severed  by 
cutting  vigorously  from  within  outwards. 

In  the  final  cut  the  palmar  incision  is  of  course  followed. 
The  wound  is  united  so  as  to  form  a  transverse  cicatrix. 

Hcmiorrhage. — The  radial  artery  is  divided  in  the  dorsal 
wound  at  its  outer  extremity. 

At  the  inner  angle  of  the  dorsal  wound  the  carpal  branch 
of  the  ulnar  may  be  found  bleeding. 

In  the  palmar  wound  are  divided  the  superficial  and  deep 
portions  of  the  ulnar  artery  on  the  inner  side  and  the  super- 
ficialis  volffi  on  the  outer. 

2.  The  Elliptical  Method. — So  far  as  the  covering  of  the 
bones  is  concerned,  this  method  is  nearly  equivalent  to  disarti- 
culation by  a  palmar  flap. 

The  position  of  the  patient  and  the  operator  are  the  same. 

The  lilade  of  the  knife  should  be  four  inches  in  length. 
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The  highest  point  of  the  ellipse  is  on  the  dorsum,  a  little 
to  the  inner  side  of  the  middle  line,  and  half  an  inch  below 
the  line  of  the  wrist-joint. 

The  lowest  point  is  on  the  palm,  in  a  line  with  the  middle 
fino-er,  and  about  two  inches  beloAV  the  level  of  the  highest 
point. 

In  forming  the  ellipse  between  these  two  points  the  incision 
on  the  ulnar  side  should  pass  between  the  pisiform  bone  and 
the  base  of  the  fifth  meta- 
carpal, while  on  the  radial 
side  it  should  cross  the 
carpo-metacarpal  joint  of 
the  thumb  (Fig.  86,  b). 

The  surgeon,  holding 
the  subject's  hand  in  the 
supine  position,  marks  out 
the  palmar  part  of  the 
ellipse,  commencing  the 
incision  on  the  left  side 
(the  surgeon's  left)  of  the 
hand. 

The  operator  now  pro- 
nates  the  hand  and  marks 
out  the  dorsal  segment 
of  the  ellipse,  the  assistant 
at  the  same  time  drawino- 
up  the  integuments  at  the 
back  of  the  hand. 

The  first  incision  con-  Fig.  86.— a,  Palmar  incision  in  the  circular  dis- 
cerns the  skin  and  the  sub-       articulation  at  the  wiist ;  B  B,  incisions  in  the 

elliptical  disarticulation  at  the  wrist. 

cutaneous  tissues  only. 

The  remaining  steps  of  the  operation  are  nearly  identical 
with  those  of  the  circular  method. 

The  integuments  on  the  dorsum  are  separated  up  until  the 
styloid  processes  and  the  joint-line  are  cleared. 

The  surgeon,  holding  the  pronated  hand  in  the  position  of 
forced  flexion,  now  divides  in  order  the  left  lateral  ligament, 
the  extensor  tendons  and  posterior  ligament,  and  the  right 
lateral  ligament.  The  tendons  are  divided  immediately 
opposite  to  the  articulation,  which  is  thus  freely  opened. 
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The  anterior  ligament  is  now  severed  close  to  the 
carpus. 

The  hand,  still  hanging  down  in  the  position  of  pro- 
nation and  flexion,  is  so  rotated  that  one  or  other  border  is 
turned  forwards  so  as  to  face  the  surgeon.  While  in  this 
position  the  lateral  parts  of  the  ellipse  are  deepened  towards 
the  palm,  and  the  two  bony  eminences  at  the  root  of  the  palm 
are  cleared,  the  knife  being  kept  close  to  the  bone. 

The  instrument  is  held  vertically,  with  its  point  downwards, 
and  is  passed  between  the  mass  of  the  flexor  tendons  and  the 
hollow  of  the  carpus.  With  the  knife  held  in  this  position 
the  "  carpal  canal "  is  cleared  out. 

Nothing  now  remains  but  to  divide  the  flexor  tendons 
and  the  surrounding  soft  parts.  The  tendons  are  dragged 
upon  and  are  cut  obliquely  from  within  outwards,  the  knife 
— now  held  horizontally — finally  following  the  existing  cuta- 
neous incision. 

When  the  wound  is  adjusted,  the  cicatrix  appears  as  a 
curved  line  upon  the  dorsum. 

Hmmorrhage. — The  radial  artery  is  cut  in  disarticulating, 
and  is  found  divided  at  the  outer  extremity  of  the  dorsal 
wound.  It  is  severed  above  the  origin  of  the  branches  to  the 
thumb  and  mdex  finger. 

In  the  inner  portion  of  the  palmar  flap  the  ulnar  artery  is 
divided  as  it  is  forming  the  commencement  of  the  superficial 
palmar  arch. 

Deeper  in  this  part  of  the  palmar  flap  the  deep  branch  of 
the  uhiar  artery  is  cut. 

In  the  outer  segment  of  the  palmar  flap  the  superficialis 
volte  will  be  found  severed. 

The  deep  palmar  arch  and  the  greater  part  of  the  super- 
ficial arch  are  of  course  removed  with  the  hand. 

3.  By  a  Long  Palmar  Flap.— The  flap  is  U-shaped.  It 
commences  half  an  inch  below  the  radial  styloid  process,  and 
ends  half  an  inch  below  the  tip  of  the  corresponding  process 
of  the  ulna.  The  outer  limb  is  directed  towards  the  gap 
between  the  index  and  middle  fingers,  the  inner  limb  towards 
the  web  between  the  little  and  ring  fingers. 

The  almost  transverse  extremity  of  the  flap  reaches  nearly 
to  the  middle  of  the  metacarpus.     Its  general  outline  is 
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sho^vn  in  Fig.  87.  The  dorsal  incision  is  carried  straight 
across  the  back  of  the  Hmb  from  one  extremity  of  the  pahnar 
flap  to  the  other.    It  will  therefore  cross  the  carpus. 

A  stout  knife  with  a  blade  some  three  inches  in  length  is 
required. 

The  operator  grasps  the  patient's  hand  and  holds  it  in  the 
position  of  extension  and  supmation. 

Entering  the  knife  half  an  inch  below  the  styloid  process 
to  his  left,  he  carries  it  across  the  palm,  in  the  direction  indic- 
ated, to  the  correspond- 
ing point   on  the  other 
side  of  the  hand,  and  thus 
marks  out  the  palmar  flap. 

An  assistant  now  takes 
the  hand  and  retains  it  in 
the  same  position  while 
the  operator  proceeds  to 
dissect  up  the  great  flap. 
This  should  include  all 
the  soft  parts  down  to  the 
flexor  tendons.  A  con- 
siderable portion  of  the 
muscles  of  the  thenar  and 
hj'pothenar  emmences  will 
consequently  form  a  part 
of  the  flap,  and  the  limb 
of  the  superflcial  palmar 
arch  will  be  divided  at  its 
free  end. 

The  flap  should  be  dis- 
sected up  to  the  level  of 
the  radio-carpal  joint,  care  being  taken  to  clear  the  bony 
prominences  in  the  palm  of  the  hand. 

The  surgeon  now  takes  the  hand  and  holds  it  in  the  pro- 
•nated  position,  while  the  assistant  draws  up  the  skin  on  the 
back  of  the  limb.  The  dorsal  incision  is  made.  The  integu- 
ments are  dissected  up  to  the  joint-line,  and  the  extensor 
tendons  and  the  ligaments  of  the  wrist  arc  divided  precisely 
as  in  the  previous  operation. 

Nothing  now  connects  the  disarticulated  hand  with  the 
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forearm  but  the  mass  of  the  flexor  tendons  and  the  tissues 
about  them. 

These  are  drawn  upon  and  divided  by  a  vigorous  transverse 
cut  made  from  above  downwards — i.e.,  from  dorsum  to  pahn — 
care  being  taken  that  the  pahnar  flap  is  held  well  out  of  the 
way  at  the  time. 

The  palmar  flap  should  never  be  cut  by  transfixion.  The 
bony  prominences  in  the  palm  render  such  a  method  difiicult, 
and  an  unduly  scanty  flap  is  apt  to  result. 

Hctimorrhage. — The  vessels  are  divided  as  in  the  previous 
operation.  The  deep  palmar  arch  and  the  transverse  part  of 
the  superficial  arch  are  removed  with  the  hand. 

4.  Dubrueil's  Operation  by  an  External  Flap.  —  This 
ingenious  method  is  thus  described  by  Chalot  (CJdrurgie 
Operatoire,  1(S86),  who  states  that  he  has  seen  excellent  re- 
sults from  this  operation  in  the  hands  of  Professor  Dubrueil : — 

"  The  incision  is  commenced  on  the  back  of  the  wrist  at  the 
junction  of  the  outer  with  the  middle  third,  and  at  a  point  half 
a  centimetre  below  the  hne  of  the  wrist-joint.  It  is  thence 
carried  downwards  towards  the  thumb  upon  the  dorsal  aspect 
of  the  limb,  and  is  made  to  cross  the  first  metacarpal  bone 
transversely  about  its  middle.  The  incision  now  follows  the 
inner  part  of  the  thenar  eminence,  and  terminates  at  a  point 
diametrically  opposite  to  the  point  at  which  it  was  com- 
menced. This  represents  the  outline  of  the  external  or 
thenar  flap  (Fig.  83,  g). 

"  This  flap  is  now  dissected  uj)  to  its  base,  and  is  made  to 
include  as  much  of  the  thenar  mass  of  muscle  as  is  possible. 

"The  skin  and  soft  parts  internal  to  the  flap  are  then 
divided  in  a  circular  manner  through  an  incision  on  a  level 
with  the  base  of  the  flap. 

"Disarticulation  having  been  effected,  the  operation  is 
complete. 

"  The  thenar  flap  is  brought  transversely  across  the  face 
of  the  radius  and  ulna,  and  is  there  secured." 

Comment. — Disarticulation  may  also  be  effected  by  a  long 
dorsal  flap.  This  flap  has  its  base  at  the  styloid  processes  and 
its  extremity  opposite  the  centre  of  the  metacarpus.  The 
method  has  little  or  nothing  to  recommend  it.  The  flap  is 
composed  only  of  skin  and  tendons,  is  very  retractile,  and 
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very  poorly  supplied  with  blood.  It  affords  a  scanty  covering 
for  the  bones,  and  either  the  integuments  or  the  underlying 
tendons  are  very  apt  to  slough.  If  the  flap  be  composed  of 
skin  only,  its  fate  is  nearly  certain. 

The  amputation  by  equal  palmar  and  dorsal  flaps  corre- 
sponds to  the  circular  method,  with  the  addition  of  a  lateral 
incision  extending  downwards  from  each  styloid  process. 

The  value  of  disarticulation  at  the  wrist  has  been  much 
discussed,  and  by  some  surgeons  it  is  advised  that  in  the 
place  of  this  operation  an  amputation  should  be  performed 
through  the  lower  end  of  the  forearm.  The  objections  urged 
against  the  disarticulation  are  the  following  : — 1. .  The  mor- 
tality is  high.  2.  The  cartilage,  if  left  on  the  radius,  is  apt 
to  necrose.  3.  The  resulting  stump  is  ill-adapted  for  the 
adjustment  of  an  artificial  hand. 

1.  The  high  mortality  appears  notably  in  the  records  of 
army  .surgeons.  Fletcher,  dealing  with  the  statistics  of  recent 
European  campaigns,  gives  the  mortahty  after  amputation  at 
the  wrist  as  42  per  cent,  while  after  amputation  of  the  forearm 
it  is  21  per  cent.  Legouest  places  the  mortality  of  the  wrist 
amputation  at  46  "7  per  cent. 

These  figures  are  only  to  be  explained  by  the  pecuhar  cir- 
cumstances of  military  surgery  and  the  probable  frequency 
of  secondary  amputations.  In  civil  practice  it  is  rendered 
evident  that  the  mortality  after  disarticulation  of  the  wrist  is 
probably  about  12  per  cent,  and  that  it  is  decidedly  lower 
than  the  mortality  after  amputation  of  the  forearm. 

2.  If  the  cartilage  be  sound,  and  the  wound  be  treated 
antiseptically,  there  is  no  fear  of  exfoliation. 

3.  This  assertion  does  not  hold  good  at  the  present  day. 
The  stump  after  a  successful  disarticulation  at  the  wrist  is 
better  adapted  for  the  adjustment  of  a  useful  artificial  hand 
than  is  the  stump  low  down  in  the  forearm. 

In  disarticulation  the  movements  of  pronation  and  supi- 
nation are  usually  retained.  In  forearm  amputations  those 
movements  are  lost 

In  the  matter  of  the  technique  of  the  operation  attention 
may  be  drawn  to  the  following  points  : — 

The  disarticulation  is  always  more  readily  effected  from 
the  dorsum.    In  dissecting  up  the  palmar  tissues,  it  is  not 
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easy  to  avoid  removing  the  pisiform  bone  with  the  soft  parts. 
It  will  often  be  found  more  convenient  to  include  it  in  the 
tissues  of  the  palmar  flap,  and  to  subsequently  removQ  it  by 
dissection. 

In  planning  any  operation,  account  must  be  taken  of  the 
very  great  retractibility  of  the  dorsal  tissues,  and  of  the 
difficulty  of  properly  covering  the  radial  styloid  process. 

The  lower  ends  of  the  radius  and  ulna  should  not  be 
sawn  off'.  If  this  be  done,  the  cancellous  tissue  of  the  bone 
is  exposed,  the  pronation  and  supination  movements  will 
be  lost,  and  the  attachment  of  an  important  flexor — the 
supinator  longus — is  disturbed. 

Of  the  operations  described,  the  best  procedure  is  un- 
doubtedly the  elliptical  method.  The  cicatrix  falls  upon  the 
dorsum,  the  bones  are  well  covered,  and  the  free  end  of  the 
stump  is  made  up  of  the  tough  and  well-nourished  tissues  of 
the  palm.    The  styloid  processes  are  well  protected. 

The  operation  by  a  palmar  flap  may  rank  next  in  order  of 
value.  It  has  these  disadvantages  when  compared  with  the 
elliptical  operation  : — The  tissues  of  the  palm  are  more  exten- 
sively encroached  upon  ;  the  flap  is  of  a  somewhat  awkward 
shape,  and,  as  it  includes  the  tougher  parts  of  the  palmar 
integuments,  it  is  a  little  unyielding  and  stiff',  and  not  so 
readily  adjusted  as  is  the  smaller  and  less  rigid  flap  of  the 
elliptical  method.  The  flap,  moreover,  contains  more  fatty 
tissue,  and  healing  after  the  operation  is  usually  a  little  slow 
— a  circumstance  to  which  the  occasionally  horny  condition  of 
the  skin  may  no  doubt  contribute. 

In  the  palmar  flap  operation  the  incisions  are  carried 
comparatively  high  up  upon  the  sides  of  the  limb,  and  there 
is  a  little  more  disposition  for  the  styloid  processes  to  be 
exposed  when  the  flap  is  adjusted. 

The  circular  operation  has  the  merit  of  being  readily  per- 
formed. It  aff'ords,  however,  a  somewhat  scanty  covering  to 
the  bones,  and  the  cicatrix  is  placed  at  the  extremity  of  the 
stump  and  over  the  prominences  of  bone. 

If  the  tissues  of  the  palm  or  of  the  dorsum  have  been 
thickened  by  inflammation,  there  may  be  some  difficulty  in 
dissecting  up  the  covering  of  soft  parts. 

Duhyueil's  operation  u  ingenious,  and  is  said  to  yield 
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excellent  results.  A  good  covering  is  provided  for  the  bones, 
and  especially  for  the  radial  styloid  process.  The  flap  is 
substantial,  and  is  well  nourished  with  blood-vessels. 

The  operation  is  well  adapted  for  cases  of  injury  or  dis- 
ease, where  the  palmar  and  dorsal  tissues  are  so  damaged 
as  to  render  any  of  the  three  first-named  procedures  in- 
admissible. 

After-treatment  of  Disarticulation  of  the  Wrist. — The 

rigidity  and  thickness  of  the  palmar  tissues  render  it  neces- 
sary that  in  the  elliptical  or  palmar  flap  operation  the  sutures 
should  be  very  securely  applied,  and  should  not  be  too  early 
removed. '  They  should  take  a  hold  of  the  entire  thickness  of 
the  palmar  tissues. 

In  all  instances  the  stump  should  be  placed  upon  a  short 
and  light  palmar  splint.  In  the  case  of  the  two  operations 
just  named  the  splint  serves  to  support  the  palmar  flap,  and 
in  all  disarticulations  at  this  joint  it  serves  to  prevent  j)ro- 
nation  and  supination  movements. 

The  possibility  of  the  sloughing  of  tendons,  or  of  an 
accumulation  of  pus  in  the  remains  of  the  synovial  sacs  for 
the  flexor  tendons,  must  be  borne  in  mind. 

A  drainage-tube  should  be  inserted,  and  retained  for 
thirty-six  or  forty-eight  hours. 
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Amputation  of  the  Forearm. 

A  VERY  large  number  of  difierent  operations  has  been 
described  under  tbis  heading,  and  there  is  probably  no  known 
method  of  cutting  flaps  that  has  not  been  recommended  as 
especially  suitable  to  amputation  of  the  forearm. 

The  fact  that  the  limb  undergoes  a  considerable  change  in 
its  configuration  and  physical  characters  between  the  elbow 
and  the  wrist  has  no  doubt  excused  the  multiplicity  of 
methods. 

In  the  account  which  follows,  two  operations  will  be 
described,  the  first  being  that  which  appears  best  adapted  for 
the  lower  third  of  the  limb,  the  second  one  well  suited  for  the 
upper  two-thirds. 

Anatomical  Points. — At  its  upper  half,  and  especially  in 
its  upper  third,  the  limb  is  much  wider  in  its  transverse  than 
in  its  antero-posterior  diameter.  A  horizontal  section  through 
this  part  will  show  a  cut  surface  which  is  somewhat  oval  in 
outline,  and  is  at  the  same  time  flattened  in  front  and  more 
convex  behind.  This  outline  is  best  seen  in  muscular  sub- 
jects, and  depends  chiefly  upon  the  development  of  the  lateral 
masses  of  muscle  which  descend  from  the  condyles. 

In  the  non-muscular,  the  limb,  even  in  its  highest  parts, 
tends  to  assume  a  rounded  rather  than  an  oval  outline. 

The  ulna  is  subcutaneous  throughout  its  entire  extent. 
The  upper  half  of  the  radius  is  deeply  placed,  while  the  lower 
half  is  superficial. 

Transverse  sections  of  the  limb  at  various  levels  show  that 
the  radius  and  ulna  are  in  all  parts  nearer  to  the  posterior 
than  the  anterior  aspect  of  the  extremity.  This  relation  is 
the  more  marked  the  higher  up  the  section.  The  two  bones 
are  nearest  to  the  centre  of  the  limb  about  the  lower  end  of 
the  middle  third. 
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In  antero-posterior  flaps  cut  by  transfixion,  the  anterior 
flap  will  consequently  be  always  tbe  more  substantial. 

At  the  upper  .part  of  the  forearm  the  muscles  are  found 
mainly  at  the  sides  and  in  front.  The  lower  the  section 
proceeds  down  the  limb,  the  less  will  the  bones  be  covered  at 
the  sides,  and  the  more  equally  will  the  soft  parts  be  found 
distributed  along  the  anterior  and  posterior  aspects  of  the 
limb.  Thus  it  follows  that  the  circular  method  is  best 
adapted  for  the  lower  third  of  the  fore-arm,  and  the  flap 
method  for  the  upper  two-thirds.  It  wiU  be  obvious  also 
that  if  antero-posterior  flaps  be  cut  of  equal  width,  the 
bones  will  have  a  greater  disposition  to  protrude  in  the 
lateral  incisions,  in  the  lower  part  of  the  limb  than  in  the 
upper. 

It  will  be  noticed  that  where  one  bone  is  the  most  sub- 
stantial the  other  is  the  most  slender,  as  near  the  elbow  and 
Avrist ;  and  that  it  is  about  the  centre  of  the  limb  that  the 
two  are  most  nearly  of  equal  strength. 

The  interosseous  space  is  narrowest  in  full  pronation  and 
widest  in  supination.  It  is  only  in  the  mid-position  that  the 
bones  are  parallel  to  one  another. 

There  is  a  singular  absence  of  large  blood-vessels  and 
nerves  along  the  posterior  aspect  of  the  forearm. 

The  three  chief  pronator  muscles  are  the  pronator  teres^ 
pronator  quadratus,  and  flexor  carpi  radialis. 

The  three  chief  supinators  are  the  supinator  longus, 
supinator  brevis,  and  the  biceps.  If,  therefore,  the  bones — 
in  an  amputation — be  divided  above  the  insertion  of  the 
pronator  teres,  the  radius  will  become  supinated,  and  further 
rotation  movements  wiU  be  lost. 

The  brachial  artery  divides  opposite  to  the  neck  of  the 
radius,  and  the  ulnar  gives  off  the  interosseous  trunk  one  inch 
below  this  point. 

Instruments. — An  amputating-knife,  with  a  blade  four  to 
five  inches  in  length.  A  stout  scalpel.  An  amputating-saw. 
Retractors  (the  linen  retractor  used  to  protect  the  soft  parts 
during  the  sawing  of  the  bones  may  have  three  "  tails," 
the  middle  and  narrowest  slip  being  passed  through  the 
interosseous  space).  Pressure,  artery,  and  dissecting  forceps. 
Scissors,  needles,  etc. 
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Position. — The  arm  is  abducted,  and  the  surgeon  stands 
to  the  right  of  the  Hmb  in  all  cases— i.e.,  to  the  outer  side  of 
the  right  forearm  and  the  inner  side  of  the  left. 

One  assistant— to  the  operator's  left— steadies  the  upper 
arm  and  retracts  the  Haps,  etc.  The  other— to  the  operator's 
right — manipulates  the  forearm  and  hand,  and  attends  to  the 
sponging,  etc. 

The  following  operations  are  described  : — 

1.  Circular  method. 

2.  Equal  anterior  and  posterior  flaps. 

3.  Methods  less  frequently  employed. 

1.  The  Circular  Method  {through  the  lower  third).— The 
position  of  the  incision  is  estimated  in  the  usual  way 
(page  271).  The  circular  cut  in  the  skin  will  be  placed  at  a 
distance  below  the  future  saw-line,  equal  to  the  antero- 
posterior diameter  of  the  limb  at  that  Ihio. 

The  2^atient's  limb  is  held  in  the  supine  position. 

The  surgeon,  passing  his  hand  beneath  the  patient's  fore- 
arm, commences  the  incision  on  that  border  of  the  limb 
which  is  the  nearer  to  him,  and  uses  the  heel  of  the  knife 
for  the  purpose. 

The  knife  is  now  drami  from  heel  to  point  across  first  the 
flexor  and  then  the  extensor  aspect  of  the  limb,  until  it 
reaches  the  point  at  which  the  incision  was  commenced. 

During  this  manoeuvre  the  operator  grasps  the  forearm 
above  the  incision  with  his  left  hand. 

■  A  cuff  of  skin  is  now  dissected  up,  and  turned  back  as 
shown  in  Fig.  75,  and  this  retraction  of  soft  parts  should  be 
continued  until  the  level  of  the  future  saw-line  is  reached. 

Throughout,  the  limb  is  kept  with  the  hand  supine,  but 
the  elbow  should  be  flexed  so  as  to  render  the  forearm 
vertical  while  the  posterior  part  of  the  manchette  is  being 
dissected  up. 

The  forearm  being  extended,  with  the  hand  supine,  the 
soft  parts  on  the  flexor  side  of  the  limb  are  transfixed  by 
the  knife,  which  is  so  passed  transversely  across  the  forearm 
that  its  point  is  made  to  enter  and  emerge  at  the  level  of  the 
retracted  skin.  The  knife  should  follow  the  curve  of  the 
bones,  so  as  to  take  up  as  much  of  the  tissues  on  the  front  of 
the  limb  as  possible.    It  is  now  made  to  cut  its  way  abruptly 
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out,  so  that  the  muscles  and  tendons  shall  be  divided  trans- 
versely a  little  below  the  future  saw-line. 

The  soft  parts  on  the  extensor  side  of  the  limb  are  trans- 
fixed and  divided  in  precisely  the  same  way,  the  limb  being 
still  kept  in  the  same  position  during  the  process. 

While  the  flexor  tissues  are  being  cut,  the  hand  is  kept 
a  little  extended ;  and  while  the  tissues  on  the  extensor  side 
of  the  limb  are  being  cut,  the  hand  is  a  little  flexed. 

The  soft  parts  might  be  divided — as  is  usual — by  a  cir- 
cular sweep  with  the  knife  at  the  level  of  the  retracted  skin ; 
but  as  the  structures  to  be  severed  are  for  the  most  part 
tendons,  they  are  much  more  easily  and  more  cleanly  divided 
by  cutting  from  within  outwards,  as  advised. 

With  a  scalpel  any  remaining  soft  parts  are  now  sepa- 
rated from  the  bones  until  the  saw-line  is  well  exposed, 
and  at  this  level  the  interosseous  membrane  is  divided  trans- 
versely. 

The  retractor  havmg  been  applied,  the  bones  are  sawn 
through.  In  dividing  the  bones  it  is  convenient  to  have 
the  hand  placed  in  the  mid-position  between  pronation  and 
supination,  and  to  saw  the  radius  first  and  then  the  ulna. 

Many  operators  keep  the  hand  supine,  and  endeavour  to 
divide  the  two  bones  evenly  and  at  the  same  time. 

Hcemorrhage. — On  the  face  of  the  flexor  part  of  the  wound 
are  found  divided  the  radial  and  ulnar  arteries.  The  former, 
no  longer  accompanied  by  the  radial  nerve,  hes  close  to  the 
radius  and  to  the  inner  side  of  the  conspicuous  tendon  of 
the  supinator  longus  muscle. 

The  ulnar  artery  will  be  foimd  lying  on  the  flexor  profimdus 
digitorum  and  under  cover  of  the  flexor  carpi  ulnaris.  The 
nerve  is  to  its  iimer  side.  Behind  the  interosseous  space,  and 
between  the  superficial  and  deep  muscles,  the  posterior 
interosseous  artery  may  be  found  bleeding,  and  in  front  of  that 
membrane  the  anterior  interosseous  and  possibly  the  median. 

2.  By  Equal  Antero-posterior  Flaps  {through  the  upper 
two-thirds). — The  base  of  each  flap  should  be  equal  to  half  the 
circumference  of  the  limb  at  the  level  of  the  saw-line. 

The  length  of  each  flap  should  be  equivalent  also  to  half 
the  circumference  after  the  usual  allowance  has  been  made  fox 
retraction.    Thus,  to  take  the  measurements  recommended  by 
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Farabeuf,  if  the  circumference  of  the  Hmb  in  pronation  be 
80  m.m.,  each  flap  should,  after  retraction,  measure  40  m.m. ; 
and  to  allow  for  such  retraction  its  length,  as  marked  out 
upon  the  skin,  should  be  60  m.m. 

The  flaps  are  U-shaped,  and  the  lateral  incisions  correspond 
to  the  lateral  margins  of  the  limb.  The  anterior  flap  will 
contain  the  supinator  longus  and  the  flexor  muscles.  The 
posterior  flap  will  contain  the  extensors.  In  the  radial 
incision  the  vertical  cut  will  involve  the  two  extensors  of  the 
radial  side  of  the  carpus.  In  the  lateral  ulnar  wound  the 
flexor  profundus  and  the  flexor  carpi  ulnaris  are  found  to  be 
marked  by  the  vertical  incision. 

The  hand  having  been  supinated,  the  anterior  flap  is 
marked  out  by  a  skin-cut.  In  the  case  of  the  right  limb  the 
knife  is  entered  at  the  conunencement  of  the  ulnar  incision,  is 
carried  down  along  the  ulnar  border,  and  is  then  made  to 
sweep  transversely  across  the  flexor  surface  of  the  limb.  The 
knife  being  withdrawn,  its  point  is  entered  at  the  upper  end  of 
the  radial  incision,  and  is  carried  down  along  the  radial  border 
of  the  forearm  to  meet  the  first  incision.  The  flap  is  marked 
out  therefore  by  two  cuts,  and  the  incision  is  commenced  on 
the  side  more  remote  from  the  surgeon.  In  the  left  limb  the 
knife  is  first  entered  upon  the  radial  border. 

The  elbow  being  now  flexed  so  that  the  forearm  is  vertical 
(the  hand  being  still  supine),  the  posterior  flap  is  marked  out 
in  the  integuments  only. 

The  skin  thus  fashioned  for  the  future  flaps  is  allowed  to 
retract. 

The  forearm  is  now  again  held  horizontally,  with  the 
elbow  a  little  flexed  and  the  hand  still  supine. 

The  operator  lifts  up  the  tissues  on  the  front  of  the  limb 
with  the  fingers  of  the  left  hand,  and  proceeds  to  transfix. 

The  knife  is  entered  at  the  angle  of  the  wound  nearest  to 
the  surgeon,  and  is  made  to  follow  as  accurately  as  possible  the 
curves  of  the  bones  and  the  interosseous  membrane.  Its  point 
should  just  graze  the  bones  as  it  moves  across  the  limb. 

While  the  assistant  extends  the  hand,  the  surgeon  cuts  a 
muscular  flap  from  within  outwards,  bringing  the  knife  out 
sharply  just  at  the  level  of  the  retracted  skin. 

The  posterior  flap  is  cut  by  transfixion  in  the  same  way, 
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the  limb  being  held  in  the  same"  posture.  It  is  difficult  to 
insinuate  the  knife  behind  the  ulna,  and  its  movements  in  that 
position  must  be  assisted  with  the  left  fingers. 

While  the  muscular  tissue  is  being  divided  the  assistant 
flexes  the  hand. 

The  two  flaps  are  now  drawn  up  to  the  level  of  the 
saw-line,  and  the  remaining  soft  parts  are  divided  at  that  level 
to  fully  clear  the  bones. 

This  is  efi'ected  by  what  the  French  surgeons  call  the 
"  incision  en  8  de  chiffre  "  (Fig.  88).  The  knife  is  made  to  so 
pass  across  the  front  and  back 
of  the  limb  as  to  follow  the 
outlines  of  the  bones  and  to 
well  sever  the  interosseous 
membrane.  The  hand  is 
kept  supine,  and  both  the  an- 
terior and  posterior  incisions 
are  made  from  left  to  right, 
and  both  are  commenced  by 
the  heel  of  the  knife  and 
completed  by  its  pomt. 

The  threefold  retractor  having  been  applied,  the  bones  are 
sawn  in  the  manner  already  described. 

Some  surgeons  advise  that  the  median,  ulnar,  and  radial 
nerves  should  be  resected  from  the  anterior  flap. 

Hcemorrhage. — -The  radial  artery  will  run  the  whole  length 
of  the  anterior  flap,  and  be  cut  near  its  outer  border  on  the 
inner  side  of  the  supinator  longus.  The  radial  nerve  accom- 
panies it.  The  ulnar  artery  will  be  cut  shorter,  will  be  in  front 
of  the  bone  and  between  the  flexor  sublimis  and  flexor 
profundus  digitorum.  The  anterior  interosseous  vessels  will 
be  divided  immediately  in  front  of  the  interosseous  mem- 
brane. The  posterior  interosseous  artery  will  be  cut  long,  and 
will  be  found  between  the  superficial  and  deep  muscles. 

The  more  conspicuous  nerves  form  good  guides  to  the 
divided  vessels. 

3.  Other  Methods. — 1.  By  Long  Anterior  Flai^. — This  flap 
will  measure  in  an  adult's  forearm  some  four  and  a  half  inches 
in  length.  The  posterior  flap  is  one  half  the  length  of  the 
anterior.    They  may  be  cut  in  the  manner  just  described. 


Fig,  88.— THE  "  INCISION  EN  S  DE  CHUTBE. 

The  black  and  white  arrows  mark  the 
course  of  the  knife. 
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2.  By  Long  Poderior  Flap. — This  consists  in  the  apphcation 
of  Teale's  method  to  the  forearm,  and  has  been  adopted  for 
amputations  above  the  wrist.  In  practising  the  operation,  care 
must  be  taken  to  mark  out  the  flaps  by  measurement  before 
attempting  to  cut  them,  as  otherwise,  from  the  conical  shape 
of  the  limb,  the  long  flap  will  be  apt  to  be  made  too  narrow  at 
its  distal  extremity. 

If  the  posterior  flap  bo  carried  below  the  wrist-joint,  its 
lower  part  must  consist  of  skin  only,  as  it  is  scarcely  possible  to 
extricate  the  tendons  from  the  bony  grooves  behind  the  radius. 

As  this  flap  is  large,  and  is  composed  only  of  tendons  and 
of  very  thin  and  retractile  skin,  and  inasmuch  as  it  contains 
no  blood-vessels  of  any  magnitude,  it  is  apt  to  shrink  con- 
siderably, to  slough,  and  to  form  in  any  case  a  scanty  covering 
for  the  bones. 

The  operation  has  little  therefore  to  recommend  it. 

3.  By  Skin-flaps  with  Circular  Division  of  Muscles. — Mr. 
Jacobson  is  of  opinion  ("Operations  of  Surgery,"  page  49) 
that  no  method,  on  the  whole,  answers  so  well  as  this. 

The  posterior  skin-flap  is  about  three  inches  in  length,  the 
anterior  two  inches.  The  muscles  are  divided  by  a  circular 
sweep  at  the  base  of  the  flaps. 

Comment. — The  circular  method  certainly  is  well  adapted 
for  the  loAver  third  of  the  limb,  and  is  no  doubt  the  best 
amputation  in  that  situation.  The  soft  parts  here  being  com- 
posed mainly  of  integument  and  tendons,  sound  flaps  cannot 
well  be  cut. 

It  has  been  urged  against  the  circular  operation  in  this 
place  that  there  is  a  tendency  for  the  cicatrix  to  adhere  to  the 
bone.  If  the  bones  be  well  covered,  and  the  healing  be  by 
first  intention,  this  objection  can  have  little  weight.  Such 
adhesion  could  be  avoided,  however,  by  replacing  the  circular 
amputation  by  the  method  last  described,  i.e.,  amputation  by 
unequal  antero-posterior  skin  flaps  with  a  circular  division  of 
muscles. 

In  the  upper  two-thirds  of  the  limb  the  circular  method  is 
not  admissible  unless  it  be  in  wasted  subjects.  Under  normal 
conditions,  the  outline  of  the  limb,  the  great  mass  of  muscle, 
and  its  intimate  adhesion  to  the  bones,  are  objections  to  this 
operation. 
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CHAPTEK  XVII. 

Disarticulation  at  the  Elbow-Joint. 

This  operation  is  not  frequently  performed,  and  has  been 
condemned  by  many  as  an  unsound  surgical  proceeding. 

Messrs.  Smith  and  Walsham  ("  Operative  Surgery,"  2nd 
edition,  1876)  give  no  description  of  the  operation,  on  the 
ground  that  "its  advantages  are  very  questionable  on  the 
living  subject." 

The  amputation— although  it  has  met  with  little  favour 
in  England  —  has  been  extensively  practised  by  French 
surgeons,  by  whom,  moreover,  the  principal  methods  have 
been  devised. 

It  has  been  urged  against  the  operation  that  it  is  more 
difficult  and  less  safe  than  an  amputation  through  the  lower 
part  of  the  arm ;  that  the  soft  parts  have  to  be  divided  very 
low  down  in  order  to  secure  a  covermg  for  the  bones  ;  that 
many  vessels — those  forming  the  anastomotic  plexus  about 
the  joint — are  divided  ;  that  the  cartilage  is  apt  to  exfoliate  ; 
and  that  a  stump  is  left  which  is  ill-adapted  for  an  artificial 
liinb. 

Some  of  these  objections  are  ill-founded,  others  have  dis- 
appeared with  the  advance  of  surgical  progress. 

The  disarticulation,  although  not  really  difficult,  is  certainly 
less  easy  than  an  amputation  through  the  arm,  which  is  one 
of  the  simplest  operations  of  the  kind.  Before  the  develop- 
ment of  antiseptic  surgery  the  mortahty  after  this  disarticula- 
tion was  terrible.  The  statistics  derived  from  the  records  of 
the  Crimean  War  show  the  deaths  to  have  been  over  50  per 
cent.  On  the  other  hand,  the  statistics  of  the  American  War 
produce  a  mortahty  from  the  operation  of  less  than  8  per 
cent. 

It  is  true  that  to  properly  protect  the  bones  a  considerable 
covering  of  soft  parts  is  required.    At  the  same  time  the  flaps 
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may  bo  cut  in  so  many  ways  that  the  methods  employed 
adapt  themselves  to  a  great  variety  of  conditions. 

Several  vessels  are  divided,  but  they  are  small,  and,  as  a 
rule,  not  more  than  three  ligatures  are  re(|uired. 

The  cartilage  very  rarely  exfoliates,  provided  that  it 
be  sound,  and  that  the  woimd  is  treated  upon  antiseptic 
principles. 

The  stump  is  uuich  bettor  adapted  for  the  application  of 
ixxi  artificial  limb  than  is  that  resulting  from  an  amputation  of 
the  arm.  French  surgeons  speak  very  highly  of  this  opera- 
tion, and  are  emphatic  as  to  its  value. 

Anatomical  Points.— On  the  anterior  aspect  of  the  elbow 
are  seen  three  nuiscular  elevations.  One,  above  and  in  the 
centre,  corresponds  to  the  biceps  and  its  tendon  ;  while  of  the 
two  below  and  at  the  sides,  the  outer  corresponds  to  the 
supinator  longus  and  the  common  extensor  mass,  and  the 
inner  to  the  pronator  teres  and  the  common  set  of  flexor 
muscles. 

The  biceps  tendon  can  generally  be  very  distinctly  folt. 
The  crease  in  the  skm  known  as  the  "  fold  of  the  elbow  "  is 
convex  below,  and  is  placed  some  little  way  above  the  hne  of 
the  articulation.  Its  lateral  terminations  correspond  to  the 
tips  of  the  two  condylar  eminences. 

The  points  of  these  eminences  are  always  distinct.  The 
inner  condyle  is  the  more  prominent  and  the  less  rounded  of 
the  two.  The  humero-radial  articulation  forms  a  horizontal 
line,  but  the  humero-ulnar  joint  is  oblique,  the  joint-surfaces 
sloping  downwards  and  mwards.  The  external  condyle  is 
three-quarters  of  an  mch  above  the  articular  line,  while  the 
point  of  the  inner  condyle  is  more  than  one  inch  above  that 
part. 

A  line  drawn  through  the  two  condyles  is  at  right  angles 
with  the  axis  of  the  upper  arm,  but  forms  an  angle  with  the 
axis  of  the  forearm. 

The  joint-line  of  the  elbow  is  equivalent  only  to  about 
two- thirds  of  the  width  of  the  entire  line  between  the  points 
of  the  two  condyles. 

Between  the  olecranon  and  the  inner  condyle  is  the 
depression  which  lodges  the  ulnar  nerve  and  the  posterior 
ulnar  recurrent  artery. 
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To  the  outer  side  of  the  olecranon,  and  just  below  the 
external  condyle,  there  is  a  depression  in  the  skin,  in  which 
the  head  of  the  radius  can  be  felt  and  the  inter-articular 
interval  made  out.  The  pit  corresponds  to  the  hollow  between 
the  outer  border  of  the  anconeus  and  the  muscular  eminence 
formed  by  the  two  radial  extensors  of  the  carpus  and  the 
supinator  longus. 

The  skin  about  the  elbow-joint  is  thin.  In  front  it  has  a 
most  remarkable  disposition  to  retract  after  division,  and  this 
especially  applies  to  the  skin  over  the  radial  border  of  the 
limb.  The  integument  at  the  back  of  the  joint  is  loose,  has 
but  little  tendency  to  retract,  and  is  well  adapted  to  bear 
pressure. 

The  brachial  artery  bifurcates  about  a  fjnger's-breadth 
below  the  centre  of  the  bend  of  the  elbow. 

The  details  of  the  plexus  of  anastomosing  arteries  about 
the  joint  should  be  borne  in  mind. 

For  a  hand's-breadth  below  the  olecranon  there  is  almost 
an  entire  absence  of  superficial  veins. 

Of  the  ligaments  of  the  elbow-joint  the  internal  is  the 
most  substantial,  the  external  ranking  next.  The  anterior 
and  posterior  ligaments  are  both  thin. 

In  disarticulating,  it  is  weU  to  remember  that  the  triceps 
is  attached  not  only  to  the  summit  of  the  olecranon,  but  also 
to  its  sides,  and  that  the  brachialis  anticus  is  inserted  into  the 
ulna  beyond  the  coronoid  process. 

In  children  under  ten  the  whole  of  the  upper  part  of  the 
olecranon  is  cartilaginous. 

The  lower  epiphysis  of  the  humerus  joins  the  shaft  at 
seventeen,  with  the  exception  of  the  part  forming  the  internal 
condyle,  which  joins  the  shaft  at  eighteen. 

Instruments. — An  amputating-knife  some  six  to  seven 
inches  in  length  for  transfixion  operation.  A  stout  knife  with 
a  cutting  edge  of  four  to  five  inches,  when  Haps  are  cut  from 
without  inwards,  and  for  disarticulating.  A  scalpel ;  retractors  ; 
pressure,  artery,  and  dissecting  forceps  ;  scissors,  needles,  etc. 

Position. — The  arm  is  abducted  to  a  right  angle.  The 
surgeon — except  in  an  instance  below  specified — stands  to 
the  right  of  the  limb  in  all  cases,  i.e.,  to  the  outer  side  of  the 
right  elbow  and  the  inner  side  of  the  left. 
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One  assistant,  standing  to  the  oiserator's  left  and  near  the 
patient's  shoulder,  steadies  the  arm,  retracts  and  supports 
the  flaps,  etc.  The  other,  to  the  surgeon's  right,  holds  and 
manipulates  the  hand  and  forearm. 

The  following  viefhods  will  be  described 

1.  The  circular. 

2.  The  elliptical. 

3.  The  large  anterior  flap. 

4.  The  single  external  flap. 

1.  Circular  Method. — In  order  to  prepare  for  the  unequal 
retraction  of  the  skin,  the  incision  must  be  a  little  oblique. 

Over  the  supinator  longus  it  should  be  about  three  inches 
below  the  joint-line,  and  over  the  posterior  border  of  the  ulna 

one  inch  and  a  half  below  that  level 
(Fig.  89,  A). 

Grasping  the  arm  with  his  left 
hand,  while  an  assistant  holds  the 
forearm,  the  surgeon  makes  the  cir- 
cular incision  with  one  sweep.  He 
begins  with  the  heel  of  the  knife,  and 
upon  the  side  of  the  limb  nearest  to 
him,  and  in  order  to  reach  that  side 
he  passes  his  own  forearm  beneath 
the  patient's  limb. 

The  incision  involves  the  skin 
only,  and  the  integuments  are  allowed 
to  retract.  When  retraction  has  taken 
place,  the  skin  ceases  to  appear  to  have 
been  divided  obliquely. 

When  the  integuments  have  bsen 
retracted  to  a  point  about  one  mch" 
below  the  line  of  the  articulation,  the 
superficial  muscles  arc  divided  by  a 
cu'cular  sweep  at  that  level. 

The  skin  is  further  retracted  until 
the  condyles  are  reached,  and  the  deeply-placed  muscular 
tissue  which  is  still  undivided  is  cut  immediately  over  the 
joint.    An  assistant  draws  up  the  divided  parts. 

The  surgeon  now  grasps  the  forearm  with  his  left 
hand,  and,  keeping  the  elbow  fully  extended,  cuts  the  anterior 


Fig.  89. — A,  Disarticulation  at 
the  elbow-joint  by  circular 
method ;  B,  Disarticulation 
at  the  elbow-joint  by  single 
external  flaj). 
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ligament  and  then  the  lateral  ligaments  ;  or  he  may  directly 
enter  the  joint  from  the  outer  side  by  dividing  the  external 
lisfament.  Nothinar  now  connects  the  limb  with  the  trunk 
but  the  posterior  ligament  and  the  triceps. 

The  tendon  of  that  muscle  is  the  last  structure  severed. 

The  skin  which  formerly  covered  the  olecranon  now  forms 
a  pouch,  and  an  opening-  for  a  drainage-tube  should  be  made 
in  the  centre  of  this  depression. 

The  wound  is  united  so  as  to  form  a  transverse  cicatrix. 

Hcemorrhage. — The  radial  and  ulnar  arteries  will  be  divided 
just  below  their  point  of  origin,  or  the  brachial  will  be  severed 
close  to  the  bifurcation.  In  front  of  the  outer  condyle  the 
superior  profunda,  lying  by  the  musculo-spiral  nerve,  may 
require  a  hgature,  and  the  same  applies  to  the  termination  of 
the  inferior  profunda  behind  the  internal  condyle. 

2.  Elliptical  Methods. — This  operation  may  be  performed 
in  one  of  two  ways  : — 

A.  Anterior  Ellipse  (Faraheuf). — The  figure  described  by 
the  incision  is  rather  lozenge-shaped  than  elliptical. 

The  highest  point  of  the  ellipse  is  behind,  over  the  promi- 
nence of  the  olecranon.  The  lowest  point  is  on  the  anterior 
surface  of  the  limb,  over  the  eminence  formed  by  the 
supinator  longus,  and  at  a  spot  a  little  above  the  middle 
of  the  forearm  (Fig.  90). 

In  performing  this  ojaeration  the  surgeon  may  conveniently 
stand  to  the  left  of  the  limb  to  be  removed,  i.e.,  to  the  inner 
side  of  the  right  forearm  and  the  outer  side  of  the  left.  The 
elbow  will  be  on  his  right  hand,  the  hand  on  his  left. 

The  elliptical  incision  may  be  made  in  one  sweep  from 
olecranon  to  olecranon. 

Holding  the  wrist  in  his  left  hand,  and  flexing  the  elbow  a 
little,  the  surgeon  so  rotates  the  limb  as  to  turn  the  farther 
side  of  the  forearm  towards  him.  (This  will  be  the  radial 
margin  on  the  right  limb,  and  the  ulnar  margin  on  the 
left.) 

He  carries  the  incision  downwards  from  the  olecranon  to 
the  lower  extremity  of  the  elHpse. 

As  the  knife  crosses  the  anterior  aspect  of  the  limb,  the 
forearm  is  kept  extended,  with  the  hand  supine. 

The  elbow  is  once  more  flexed,  and  the  limb  is  now  so 
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held  as  to  bring  uppermost  the  border  of  the  forearm  nearest 
to  the  surgeon. 

^  The  knife  is  carried  upwards  across  the  border  to  ter- 
minate at  the  point  of  commencement  over  the  olecranon 
(Fig.  90). 

The  incision  involves  the  skin  only. 

An  assistant  now  takes  the  forearm,  while  the  surgeon 
separates  and  retracts  the  integuments  a  little  all  round. 

This  retraction  will  shorten  the  anterior  flap  about  one 
inch  and  a  half 

The  elbow  being  a  little  flexed,  and  the  hand  supine, 
the  operator  pinches  up  the  soft  parts  on  the  flexor  aspect 
of  the  bones  with  the  left  hand,  and  then 
transfixes  the  limb  transversely.  The 
knife  should  be  entered  as  near  the  joint 
as  possible,  and  should  pass  close  to  the 
anterior  surfaces  of  the  radius  and  ulna. 

The  muscles  are  cut  obliquely,  and  an 
anterior  flap  is  thus  formed. 

An  assistant  draws  up  this  flap,  and  the 
surgeon,  keeping  his  knife  close  to  the 
bones  and  almost  flat,  cuts  upwards  until 
the  anterior  aspect  of  the  joint  is  reached. 

Nothing  now  remains  but  to  dis- 
articulate in"the  manner  already  described, 
and  to  divide  the  triceps  and  any  tissues 
which  have  escaped  division  along  the 
lateral  and  posterior  aspects  of  the  limb. 

A  curved  cicatrix  on  the  posterior 
aspect  of  the  limb  results. 

Hoemorrhage. — In  addition  to  muscular 
branches  divided  with  the  cut  muscles, 
the  radial  and  ulnar  arteries  will  be  found 
severed  near  the  free  end  of  the  anterior 
flap ;  and  on  the  deep  surface  of  that  flap  the  interosseous 
artery,  and  possibly  the  posterior  ulnar  recurrent,  may  require 
ligature.  Bleeding  may  also  occur  from  the  terminations  of 
the  superior  profunda  in  front  of  the  external  condyle,  and  of 
the  inferior  profunda  behind  the  inner  condyle. 

B.  Posterior  Ellipse  (Soupart).  —  In  this  operation  the 


Fig.  90.  —  DISARTICU- 
LATION AT  THE  EL- 
BOW-JOINT BY  THE 
ANTEEIOE  ELLIPSE 
METHOD. 
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highest  point  of  the  eUipse  is  in  front  and  the  lowest  point 
behind.  The  flap  is  therefore  taken  from  the  posterior  aspect 
of  the  limb  (Fig.  91). 

The  procedure  is  thus  described  by  Ashhurst  ("  Encyclo- 
p.^dia  of  Surgery,"  vol.  i.,  page  640),  who  considers  the  method 
to  be  "  upon  the  whole  the  best "  :■ — 

"  The  arm  being  semi-flexed,  the  point  of  the  knife  is 
entered  nearly  an  inch  below-  the  internal  condyle  of  the 
humerus,  curved  upwards  over  the  front  of  the  forearm  nearly 
to  the  line  of  the  joint,  and  downwards  again  to  a  point  an 
inch  and  a  half  below  the  external  condyle.  The  arm  being 
then  forcibly  flexed,  the  ellipse  is  completed 
on  the  back  of  the  forearm  by  a  curved  in- 
cision passing  nearly  three  inches  below  the 
tip  of  the  olecranon. 

"  The  cuff  thus  marked  off  is  rapidly  dis- 
sected upwards  as  far  as  necessary,  when  the 
muscles  of  the  front  of  the  forearm  are  cut 
about  half  an  inch  below,  and  the  uhiar 
nerve  as  far  above  the  joint,  and  disarticula- 
tion is  effected  from  the  outer  side 

"  The  brachial  artery  is  divided,  and  other 
vessels  may  be  severed  as  in  the  circular 
operation. 

"  The  wound  is  closed  transversely,  and 
leaves  a  small  curved  cicatrix  in  front  of 
the  bone." 

3.  By  Large  Anterior  Flap.— The  base 
of  the  flap  should  represent  more  than  half 
the  circumference  of  the  limb,  and  should 
be  U-shaped. 

The  anterior  incision  should  commence  three-quarters  of 
an  inch  beloAv  the  line  of  the  joint  on  the  inner  side,  and  one 
inch  and  a  half  below  that  line  on  the  outer  side.  The 
extremity  of  the  flap  (the  curve  of  the  U)  should  reach  some 
three  inches  below  the  articulation. 

The  posterior  incision  is  made  to  connect  directly  the 
extremities  of  the  anterior  incision  (Fig.  92). 

The  position  of  the  operator  has  been  already  indicated 
(page  865).     The  anterior  flap  should  be  marked  out  by 


Fig.  91. — DISAETICU- 
LATION  AT  THE  EL- 
BOW-JOIXT  BY  THE 
POSTEIilOK  ELLIPSE 
METHOD. 
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a  skin  incision,  the  limb  being  at  the  time  extended  and 
the  hand  supine,  and  the  knife  should  be  entered  upon  the 
border  of  the  forearm  most  remote  from  the  surgeon. 

The  muscular  part  of  the  flap  is  cut  by  transfixion  pre- 
cisely as  in  the  anterior  elliptical  method. 

The  flap  is  drawn  up  and  the  posterior  incision  made. 
The  operation  is  completed  as  in  the  disarticulation  by  the 
anterior  ellipse,  and  the  blood-vessels  are 
divided  in  the  same  manner. 

Many  surgeons  cut  a  short  posterior  flap 
about  one-half  or  one-third  the  length  of  the 
anterior  flap. 

4.  By  Single  External  Flap.— This 
operation — said  to  have  been  performed  by 
•Joubcrt  in  1848 — is  usually  associated  with 
the  name  of  Gii^rin. 

The  flap  recommended  by  Gu^rin  is 
unduly  short.  The  operation  as  modiiied 
by  Farabeuf  is  here  described. 

The  base  of  the  flap  should  correspond  to 
about  one-third  of  the  circumference  of  the 
limb.  It  is  U-shaped,  and  its  extremity 
reaches  a  point  four  inches  below  the  line 
of  the  articulation. 

The  incision  marking  out  this  flap  com- 
mences on  the  front  of  the  limb,  one  inch 
and  a  half  below  the  joint-line  and  just  to  the  inner  side  of 
the  supinator  longus.  It  descends  vertically  along  the  inner 
border  of  that  muscle,  and  sweeping  over  the  radial  margin  of 
the  forearm,  forms  in  that  position  the  curve  or  tij)  of  the  U. 

The  cut  is  now  carried  obliquely  upwards  along  the  poste- 
rior aspect  of  the  limb  to  end  at  the  level  of  the  articulation, 
and  just  external  to  the  olecranon  (Fig.  89,  b). 

The  inner  incision  is  carried  in  a  circular  manner  around 
the  ulnar  segment  of  the  limb  and  connects  the  extremities  of 
the  external  incision. 

The  position  of  the  surgeon  has  been  already  indicated. 
The  forearm  is  held  extended,  with  the  hand  midway  between 
the  positions  of  pronation  and  supination,  and  with  the  radial 
border  uppermost. 


Fig.  92. — DISAETICU- 
LATION  AT  THE 
ELBOW  -  JOINT  BY 
ANTEKIOJi  FLAP. 
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The  external  flap  is  first  marked  out  by  a  skin  incision. 
The  cut  is  commenced  on  the  flexor  side  on  the  right  limb, 
and  on  the  extensor  side  on  the  left,  and  at  first  concerns  the 
integument  onl}^ 

The  unequal  retraction  of  the  skin  causes  the  anterior 
extremity  of  the  wound  to  reach  the  level  of  the  posterior 
extremity. 

The  skin  having  been  freed,  the  external  flap  is  cut  by 
transfixion,  the  knife  being  passed  close  to  the  radius. 

The  internal  incision  is  now  made,  and  after  the  skin  has 
retracted  the  soft  parts  are  divided  down  to  the  bone  by  a 
visrorous  transverse  cut  at  the  level  of  the  retracted  skin. 

The  outer  flap  is  well  drawn  up,  and  disarticulation  is 
effected  from  the  outer  side,  i.e.,  by  first  dividing  the  external 
lateral  ligament. 

Hcemorrhage. — A  few  muscular  branches  are  divided  in  the 
external  flap.  The  brachial  artery,  just  above  its  bifurcation, 
is  found  divided  on  the  face  of  the  internal  wound. 

Comment. — -Several  methods  of  disarticulating  at  the 
elbow-joint  have  been  advised  or  practised  in  addition  to 
those  described.  Among  these  may  be  mentioned  the  amputa- 
tion by  lateral  flaps,  the  external  being  the  larger ;  by  antero- 
posterior flaps,  the  anterior  predominating ;  and  by  a  racket 
incision,  the  queue  of  which  is  over  the  olecranon. 

In  estimating  the  comparative  value  of  the  four  methods 
described,  it  will  be  observed  that  collectively  they  meet  almost 
every  condition  of  limited  or  unequal  lesion  in  which  the 
selection  of  flaps  has  to  be  influenced  by  the  position  of  the 
damaged  parts. 

The  ellijyticcd  method — and  notably  the  amputation  by  the 
anterior  ellipse — is  on  the  Avhole  the  best,  provided  of  course 
that  the  tissues  upon  the  flexor  side  of  the  limb  are  sound. 

Inasmuch  as  in  cases  of  accident  demanding  disarticulation 
the  damage  to  the  soft  parts  is  very  often  upon  the  posterior 
aspect  of  the  joint,  the  operation  is  of  extensive  application. 

The  flap  is  well  supplied  Avith  blood,  and  provides  an 
excellent  covering  for  the  bone.  Eflicient  drainage  is  per- 
mitted, and  there  is  no  skin-pouch  left  over  the  region 
occupied  by  the  olecranon.  The  cicatrix  is  removed  from  the 
extremity  of  the  stump.    A  considerable  demand  is  made 
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upon  the  tissues  on  the  front  of  the  Hnib,  and  there  is  an 
extensive  division  of  muscle  substance. 

The  operation  by  the  anterior  Jia/p  has  the  main  advantages 
of  this  method,  and  also  its  disadvantages.  It  provides,  how- 
ever, a  less  efficient  covering  for  ihe  condyles,  and  the  olecranon 
pouch  is  left.  It  makes,  on  the  other  hand,  a  less  demand 
upon  the  tissues  on  the  front  of  the  limb. 

The  amputation  by  the  posterior  ellipse  provides  a  cover- 
ing for  the  bone  composed  of  skin  accustomed  to  withstand 
pressure.  The  flap  is,  however,  somewhat  scanty,  and  of 
uneven  thickness.  It  is  not  well  supplied  with  blood,  and  the 
conditions  of  the  stump  are  by  no  means  well  adapted  for 
efficient  drainage. 

The  circular  operation  is  a  little  difficult  to  perform.  It 
involves  but  a  comparatively  small  sacrifice  ''  of  parts.  The 
main  artery  and  the  muscles  are  squarely  cut,  and  the  Avhole 
wound-surface  is  consequently  small.  Excellent  drainage  is 
afforded.  The  end  of  the  humerus  is,  on  the  other  hand, 
somewhat  scantily  covered,  and  the  cicatrix  occupies  the  free 
extremity  of  the  stump. 

The  disarticulation  of  the  single  external  jiap  is  Avell  suited 
for  cases  of  unequal  and  limited  destruction  of  parts,  as  in 
some  instances  of  gunshot  injury.  The  flap,  while  it  provides 
a  good  covering  for  the  bone,  is  not  weU  supplied  with  blood, 
and  does  not  encourage  the  most  efficient  drainage.  The  re- 
sulting cicatrices  may  be  found  to  be  inconveniently  placed 
when  an  artificial  forearm  and  hand  are  adjusted. 

The  After-treatment  of  Disarticulations  at  the  Elbow.— 
There  is  nothing  noteworthy  with  regard  to  the  after-treat- 
ment of  these  operation  wounds  except  the  following  : — 

The  stump  should  be  kept  raised  upon  a  supporting 
pillow. 

As  some  of  the  flaps  are  bulky,  and  not  disposed  to  fall  into 
place,  substantial  sutures  are  required,  and  these  should  not  be 
too  early  removed. 

There  is  usually  so  considerable  a  discharge  provided  by 
the  synovial  membrane  that  the  stump  should  be  drained 
with  a  tube.  The  tube  in  an  ordinary  case  need  not  be 
retained  for  longer  than  forty-eight  hours. 
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CHAPTER  XVIII. 

Amputation  of  the  Arm. 

The  surgical  rule  that  the  least  possible  amount  of  the  limb 
should  be  removed  by  amputation  applies  conspicuously  to  the 
upper  arm. 

Even  the  short  stump  left  when  the  bone  is  sawn  through 
at  the  surgical  neck  is  better  than  that  left  by  disarticulation 
at  the  shoulder-joint,.  The  operation  not  only  mvolves  less 
risk  to  the  patient,  but  affords  a  valuable  point  of  attachment 
for  an  artificial  limb. 

This  amputation  through  the  surgical  neck  will  be 
separately  considered  in  the  next  chapter. 

Anatomical  Points. — In. women,  and  in  those  who  are  fat, 
the  outline  of  the  arm  is  rounded  and  fairly  regular.  It  is  less 
regular  in  the  muscular,  in  whom  it  may  be  represented  by 
a  cylinder  somewhat  flattened  on  either  side  and  unduly 
prominent  m  front  (biceps  muscle). 

The  outline  of  the  biceps  muscle  is  distinct,  and  on  each 
side  of  it  is  a  groove.  The  inner  of  the  two  grooves  is  by  far 
the  more  conspicuous.  It  runs  from  the  bend  of  the  elbow  to 
the  axilla,  and  indicates  generally  the  position  of  the  basilic 
vein  and  brachial  artery.  The  outer  groove  is  shallow,  and  ends 
above  at  the  insertion  of  the  deltoid  muscle.  So  far  as  it  goes, 
it  marks  the  position  of  the  cephalic  vein. 

The  insertion  of  the  deltoid  can  be  well  made  out,  and  is 
an  important  land-mark.  It.  indicates  very  precisely  the 
middle  of  the  shaft  of  the  humerus,  is  on  the  same  level 
with  the  insertion  of  the  coraco-brachialis  muscle,  and  marks 
the  upper  limit  of  the  brachialis  anticus. 

It  corresponds  also  to  the  point  of  entrance  of  the  nutrient 
artery  (which  runs  towards  the  elbow),  and  to  the  level  at 
which  the  musculo-spiral  nerve  and  superior  profunda  artery 
cross  the  back  of  the  bone. 
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The  brachial  artery  in  the  upper  two-thirds  of  its  course 
lies  on  the  inner  aspect  of  the  shaft  of  the  humerus ;  in  the 
lower  third  it  is  placed  directly  in  front  of  the  bone. 

The  superior  profunda  arises  near  the  outlet  of  the  axilla, 
the  inferior  profunda  opposite  the  centre  of  the  humeral  shaft, 
and  the  anastoinotica  magna  about  two  inches  above  the  bend 
of  the  elbow. 

The  frequency  Avith  which  variations  in  the  brachial  artery 
are  met  with  should  be  borne  in  mind. 

The  skin  is  thin  and  smooth,  especially  on  the  inner  side 
of  the  limb.  It  is  upon  this  aspect  of  the  limb  also  that  it  is 
the  most  retractile.  The  skin  over  the  deltoid  is  to  some 
extent  adherent. 

Below  the  middle  of  the  arm  the  biceps  is  the  only  free 
muscle,  the  brachialis  anticus  and  triceps  being  both  closely 
attached. 

Above  the  middle  of  the  arm  nearly  all  the  divided  muscles 
— viz.,  the  biceps,  the  deltoid,  the  coraco-brachialis,  and  the 
long  head  of  the  triceps — are  more  or  less  free  and  capable  of 
retraction. 

While  therefore  the  circidar  operation  is  well  adapted  for 
the  lower  part  of  the  arm,  it  is  ill-suited  for  the  upper 
segment. 

The  upper  epiphyseal  line  of  the  humerus  is  horizontal, 
and  is  placed  a  little  above  the  surgical  neck.  The  epiph3^sis 
joins  the  shaft  at  twenty. 

Instruments. — An  amputating-knife  equal  in  length  of 
blade  to  one  and  a  half  times  the  width  of  the  limb  for  trans- 
fixion. A  knife  with  a  still  longer  blade  for  the  circular 
method.  A  stout  knife,  some  four  inches  m  length,  with  which 
skin-flaps  may  be  marked  out  and  muscles  separated  from  the 
bone.  An  amputating-saw.  Some  seven  or  eight  pressure 
forceps.   Artery  and  dissecting  forceps.  Scissors,  retractors,  etc. 

Position.— The  patient  lies  upon  the  back  and  near  to  one 
or  other  edge  of  the  table,  according  to  the  side  of  the  am- 
putation. 

The  limb  is  horizontal,  and  is  abducted  until  it  is  at  right 
angles  to  the  body. 

The  surgeon  stands  to  the  outer  side  of  the  right  arm 
and  the  inner  side  of  the  left. 
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One  assistant  holds  the  hand  and  forearm  and  manipulates 
the  limb.  A  second  stands  above  the  surgeon  and  attends 
to  the  retraction  of  the  divided  parts.  A  third  assistant 
commands  the  main  artery. 

The  followino'  two  methods  will  be  described.  The  first- 
named  is  considered  to  apply  especially  to  the  lower  half  of 
the  arm,  the  second  to  the  middle  of  the  limb : — 

1.  The  circular  method. 

2.  By  antero-posterior  flaps. 

1.  The  Circular  Method  (loiver  half  of  the  limb). — Fixing 
the  arm  Avith  his  left  hand,  the  surgeon  makes  a  circular  sweep 
through  the  skm.  To  effect  this  he  passes  his  hand  beneath 
the  Hmb,  and  bending  his  wrist  over  the  patient's  arm,  he 
commences  his  incision  with  the  heel  of  the  knife,  upon 
the  surface  of  the  limb  nearest  to  himself  (i.e.,  upon  the 
outer  surface  of  the  right  arm  and  the  inner  surface  of  the 
left). 

The  assistant  holding  the  forearm  so  rotates  the  limb  as  to 
make  the  tissues  meet  the  knife. 

The  cut  can  be  made  to  extend  with  one  sweep  around 
about  three-fourths  of  the  limb.  The  circle  is  completed  by 
withdrawing  the  knife,  and  having  entered  it  again  at  the 
point  of  commencement,  the  surgeon  now  cuts  in  the 
opposite  direction — i.e.,  towards  himself — and  so  incises  the 
small  tract  of  skin  yet  undivided  (Fig.  93,  a). 

The  incision  involves  the  skin  only,  and  care  must  be  taken 
that  the  knife  does  not  pass  deep  enough  to  Avound  the 
brachial  artery. 

The  integuments  are  now  separated,  especially  along  the 
lines  of  the  intermuscular  septa,  and  the  skin  thus  freed  is  well 
and  evenly  retracted  by  the  assistant. 

No  "cuff"  of  skin  should  be  turned  back.  In  a  stout  or 
muscidar  arm  the  proceeding  is  almost  impossible  unless  a 
lateral  incision  be  made. 

When  the  skin  has  been  sufficiently  drawn  up,  the 
biceps  is  divided  about  a  thumb's-breadth  below  the  edge  of 
the  retracted  skin. 

With  a  circular  sweep  of  the  knife  the  remaining  muscular 
tissue  is  divided  down  to  the  bone,  as  close  as  possible  to  the 
edge  of  the  divided  integument. 
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This  circular  cut  is  made  in  the  same  manner  as  the  first 
incision  in  the  skin. 

The  assistant  still  further  retracts  the  divided  soft  parts, 
until  they  appear  as  a  kind  of  fleshy  cone.  A  second  circular 
incision  is  now  made  at  the  base  of  this  cone,  at  the 
level  of  the  now  fully  retracted  integument.  The  knife  is 
carried  down  to  the  humerus. 

The  bone  is  now  cleared,  the  periosteum  divided,  the 
retractors  are  applied,  and  the  shaft  is  sawn  through. 

Before  applying  the  saw,  it  is  well  to  see  that  the  mus- 
culo-spiral  nerve  is  cleanly  severed.  It  is  apt  to  escape 
division,  as  it  lies  in  the  bony  groove,  and  to  be  mangled  by 
the  saAV. 

The  sutures  are  so  applied  that  the  cicatrix  becomes 
vertical  (antero-posterior),  to  ensure  good  drainage. 

Owing  to  the  fact  that  the  skin  upon  the  antero-internal 
aspect  of  the  limb  reti'acts  more  than  does  that  upon  the 
remaining  part  of  the  surface  of  the  arm,  it  follows  that  the 
cicatrix  after  an  ordinary  circular  amputation  is  not  terminal, 
but  is  drawn  forwards  and  inwards. 

To  secure  a  terminal  cicatrix,  the  circular  incision  should 
be  not  quite  horizontal,  but  should  incline  lower  down  upon 
the  antero-internal  aspect,  as  shown  in  Fig.  93,  a. 

Haimorrhage. — The  vessels  are  divided  upon  the  face  ot 
the  stump — the  brachial  to  the  inner  side  with  the  median 
nerve  ;  the  superior  profunda  upon  the  postero-external  aspect 
of  the  bone  with  the  musculo-spiral  nerve  ;  the  inferior  pro- 
funda to  the  inner  side  of  the  brachial  with  the  ulnar  nerve. 
In  addition  to  these  three  vessels  several  muscular  branches 
will  need  to  be  secured. 

2.  By  Antero-posterior  Flaps  {middle  of  the  limb). — The 
base  of  each  flap  should  be  equal  to  one-half  the  circum- 
ference of  the  limb. 

The  length  of  the  anterior  flap  should  equal  that  of  the 
diameter  of  the  limb.  The  posterior  flap  should  be  half  the 
length  of  the  anterior. 

Both  are  U-shaped,  and  the  incisions  defining  them  are 
commenced  just  below  the  future  saw-line  (Fig.  93,  b). 

These  incisions  arc  so  disposed  that  the  brachial  artery 
comes  in  the  posterior  flap,  and  great  care  nuist  be  taken  that 
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the  division  between  the  flaps  is  not  just  over  the  vessel,  which 
would  in  such  case  probably  be  split  in  cutting  the  flaps  b}^ 
transflxion. 

An  assistant,  grasping  the  limb  by  the  elbow  and  ^nist, 
flexes  the  forearm  and  rotates 
the  extremity  as  required. 

In  marking  out  the  anterior 
flap  the  arm  is  so  rotated  that 
the  flexed  forearm  is  carried 
towards  the  surgeon.  The  in- 
cision is  commenced  on  the  side 
of  the  arm  farthest  from  the 
operator  {i.e.,  on  the  ulnar  side 
of  the  right  arm  and  the  radial 
side  of  the  left). 

The  knife  is  carried  from 
above  downwards.  As  it  sweeps 
across  the  front  of  the  limb  to 
form  the  tip  or  bend  of  the  U 
the  arm  is  held  straight,  and  as 
the  blade  is  carried  upwards  to 
complete  the  other  limb  of  the 
U,  the  arm  is  so  rotated  that 
the  forearm  is  carried  away 
from  the  surgeon. 

The  posterior  flap  is  marked 
out  with  the  knife  in  the  same 
way,  the  arm  being  lifted  up 
so  that  the  surgeon  can  see  the 
posterior  surface. 

These  incisions  concern  the  skin  only. 

The  skin  having  been  evenly  freed  all  round,  the 
anterior  and  posterior  flaps  are  cut  by  transfixion,  the  edge  of 
the  knife  being  brought  out  at  the  level  of  the  retracted 
skin. 

As  already  said,  care  must  be  taken  not  to  transfix  nor  to 
slit  the  brachial  artery. 

The  bone  having  been  freed  up  to  the  saw-line,  and 
the  flaps  well  drawn  up,  the  humerus  is  divided,  care  being 
taken  of  the  musculo-spiral  nerve.    (See  page  376.) 


Fig.  93. — A,  Circular  (inclined)  ampu- 
tation of  the  arm  ;  B,  Amputation  of 
the  arm  by  antero-posterior  fiajis ; 
c,  Amputation  at  the  shoulder- joint 
by  deltoid  flap. 
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The  objections  which  have  been  urged  (page  302)  against 
the  cutting  of  the  whole  flap  (muscles  and  skin)  by  transfixion, 
apply  with  especial  force  to  this  part. 

The  flaps  so  cut  are  cut  Avithout  precision,  and  the  muscles 
and  skin  are  divided  at  the  same  level. 

The  rapidity  Avith  which  the  operation  may  be  performed 
is  its  sole  reconniiendation. 

Hcemorrhage.—Some  nniscular  arteries  are  divided  in  the 
anterior  flap.    In  the  posterior  flap  the  brachial,  the  superior 

profunda,  and  the  inferior  profunda  are 
found  severed. 

Other  Methods. — Among  the  many 
other  methods  of  amputating  the  arm 
may  be  mentioned — 

(^0  Amputation  by  Lateral  Flaps 
(Vermale's  operation).  As  the  inner  flap 
retracts  the  more,  it  is  cut  the  longer  ; 
the  flaps  are  marked  out  by  skin  inci- 
sions and  the  soft  parts  are  then  cut 
by  transfixion. 

There  is  nothing  to  recommend  this 
procedure. 

(h)  Teales  Ampiutation  has  been 
performed  in  the  lower  part  of  the 
arm.  The  long  flap  is  placed  ui3on 
the  antero-external  aspect  of  the  limb, 
so  that  the  brachial  artery,  with  the 
median  and  ulnar  merves,  are  found  di- 
vided in  the  posterior  flap  (Fig.  ,94,  a). 
The  operation  would  be  of  use  in  some 
cases  of  Hmited  injury. 

(c)  Malgaignes  Operation  consists 
in  cutting  a  single  rounded  flap,  usually 
from  the  flexor  surface — a  proceeding 
"  ne  durant  par  une  minute." 
(d)  The  method  known  as  "  Amiyiitation  by  Antero- 
posterior Flaps  with  Circular  Division  of  Muscle"  is  merely  a 
modification  of  the  circular  method.  It  is  little  more  than 
the  turning  back  of  a  divided  skin  "cufl*."  The  flaps  are 
about  3  to  3i  inches  long,  and  the  cutting  of  them  renders 


Fig.  94. — A,  Amputation  of 
the  arm  by  Teale's 
method ;  b,  Amputation 
through  the  surgical  neck 
by  single  external  flaj). 
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easy  the  retraction  of  the  integuments — the  least  simple  part 
of  the  usual  circular  operation. 

The  operation  is  well  suited  for  very  bulky  or  very  muscular 
limbs. 

Comment. — The  circular  operation  is  peculiarl}^  well 
adapted  for  the  lower  half  of  the  arm,  and  is  undoubtedly  the 
best  procedure  for  amputation  in  that  situation.  The  method 
is  not  applicable  to  the  upper  half  of  the  limb,  owing  to  the 
freedom  of  the  muscles  and  their  consequent  ready  retrac- 
tion. It  is  here,  therefore,  that  the  flap  operation  proves  so 
serviceable. 

A  terminal  cicatrix  would  appear  to  be  the  one  most  likely 
to  be  free  from  pressure  when  an  artificial  limb  has  been 
adjusted. 

After  the  antero-posterior  flap  operation,  the  superior 
retraction  of  the  anterior  flap  tissues  tends  in  time  to  make  the 
cicatrix  terminal. 

The  after-treatment  of  these  operations  calls  for  no  especial 
comment. 
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CHAPTER  XIX. 

Amputation  through  the  Surgical  Neck  of  the 

Humerus. 

In  this  operation — the  am/jnitaf  ioii  intradeltoidienne  of  the 
French — the  bone  is  sawn  through  between  the  tuberosities  of 
the  humerus  and  the  insertions  of  the  pectorahs  major  and 
latissimus  dorsi. 

The  muscles  left  attached  to  the  bone  in  the  stump  are 
the  subscapularis,  the  supraspinatus,  infraspinatus,  and  teres 
minor. 

The  saw-cut  is  a  little  way  below  the  epiphyseal  line.  It  is 
difficult  to  avoid  opening  the  tubular  prolongation  of  the 
synovial  membrane  of  the  joint  which  accompanies  the  biceps 
tendon  in  its  groove. 

The  bursa  beneath  the  subscapularis  tendon  commonly 
communicates  with  the  joint,  and  may  be  wounded  in  operat- 
ing carelessly. 

The  posterior  circumflex  artery  and  the  circumflex  nerve 
wind  round  the  surgical  neck  of  the  humerus. 

The  advantages  claimed  for  the  operation  are  these : — 

(a)  The  mortality  is  said  to  be  less  than  that  attending 
disarticulation  at' the  shoulder. 

(6)  The  resulting  stump  is  of  considerable  value  in  attaching 
an  artiflcial  limb,  and  the  scapular  muscles  do  not  waste  to  the 
same  degree  as  occurs  after  amputation  at  the  joint. 

(c)  The  roundness  of  the  shoulder  is  to  a  considerable 
extent  preserved. 

The  disadvantages  are  the  following : — 

(a)  There  is  much  risk  of  opening  the  shoulder-jomt 
through  the  synovial  diverticula. 

(b)  In  young  subjects  the  epiphysis  is  apt  to  produce  bone 
after  the  operation,  and  to  cause  a  conical  stump. 
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(I  once  performed  this  operation  upon  a  lad  of  twelve,  and 
had  on  two  subsequent  occasions  to  remove  portions  of  the 
shaft  of  the  bone,  to  rid  the  patient  of  a  conical  stump  produced 
by  an  active  growth  of  the  epiphysis.  The  stump,  however,  as 
it  appeared  when  the  lad  reached  the  age  of  eighteen  years, 
was  admirable.) 

(c)  The  stump  may  be  rigidly  abducted  by  the  muscles 
attached  to  the  great  tuberosity,  and  become  painful  and  in- 
convenient. 

The  operation  may  be  advised  in  subjects  over  sixteen, 
where  the  case  is  uncomplicated  and  there  is  every  prospect 
of  obtaining  speedy  healmg  without  suppuration. 
One  of  two  methods  may  be  selected  : — 
1.  Guthrie's  Operation  by  the  Oval  Method.— The  follow- 
ing is  Guthrie's  description  ("  Commentaries,"  5th  ed.,  1853, 
page  120): — "Amputation  of  the  arm  immediately  below  the 
tuberosities  of  the  humerus  ought  to  be  done  in  the  follow- 
ing mamier: — The  arm  being  raised  from  the  side,  and  an 
assistant  having  compressed,  or  being  ready  to  compress,  the 
subclavian  artery,  the  surgeon  commences  his  incision  one  or 
two  fingers'-breadth  beneath  the  acromion  process,  and  carries 
it  to  the  inside  of  the  arm,  below  the  edge  of  the  pectoral 
muscle,  then  under  the  arm  to  the  outside,  where  it  is  to  be 
met  by  another  incision  begun  at  the  same  spot  as  the  tirst, 
below  the  acromion  process. 

"  The  integuments  thus  divided  are  to  be  retracted,  and  the 
muscular  parts  cut  through,  until  the  bone  is  cleared  as  high 
as  the  tuberosities.  The  artery  will  be  seen  at  the  under  part, 
and  should  be  pulled  out  by  a  tenaculum  or  forceps,  and  se- 
cured as  soon  as  divided.  The  bone  is  best  sawn,  the  surgeon 
standing  on  the  outside.  The  nerves  should  be  cut  short,  and 
the  flaps  brought  together  by  sutures. 

"  There  are  few  or  no  other  vessels  to  tie,  and  the  cure 
is  completed  in  the  usual  time,  Avhilst  the  rotundity  of  the 
shoulder  is  preserved." 

2.  By  Single  External  Flap. — This  operation  is  thus 
described  by  Farabeuf : — 

The  surgeon  marks  out  a  U-shaped  flap,  the  width  of  which 
is  equal  to  one-half  the  circumference  of  the  limb,  while  its 
length  is  not  less  than  that  of  the  diameter  of  the  extremity. 
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The  bcase  of  the  ilap  should  be  tAvo  fingers'-breadth  below 
the  future  saw-line  (Fig.  94,  b). 

The  internal  incision  is  slightly  curved  downwards. 

The  incisions  at  first  involve  the  skin  only. 

When  the  integuments  have  retracted  evenly,  the  external 
flap  is  cut  by  transfixion.  The  tissues  composing  it  are  picked 
up  with  the  left  hand  as  the  knife  is  passed  across  the  base  of 
the  flap  as  near  the  surgical  neck  as  possible. 

The  structures  on  the  inner  side  of  the  limb,  including  the 
axillary  vessels  and  nerves,  are  now  divided  one  by  one,  with 
the  following  precautions  : — 

Especial  care  should  be  taken  to  preserve  the  tendon  of  the 
great  pectoral  muscle. 

When  the  bone  is  exposed,  the  periosteum  is  divided  below 
the  bicipital  groove,  and  is  carefully  stripped  up  along  that 
groove  by  means  of  an  elevator,  taking  with  it  the  greater 
part  of  the  insertion  of  the  pectoralis  major. 

The  synovial  sheath  of  the  biceps  tendon  should  not  be 
opened,  and  that  tendon,  having  been  picked  up  with  the 
finger,  should  be  divided  moderately  low  down.  The  coraco- 
brachialis  is  divided  with  it. 

The  axillary  vessels  should  be  cautiously  exposed,  and  the 
artery  and  vein  ligatured  before  they  are  cut. 

The  nerve  cords  must  be  severed  high  up  after  they  have 
been  individually  isolated. 

The  tendons  of  the  latissimus  dorsi  and  teres  major  are 
divided  close  to  the  bone,  although  portions  of  their  attached 
fibres  are  separated  with  the  periosteum. 
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CHAPTER  XX. 

Disarticulation  at  the  Shoulder-Joint. 

Anatomical  Points. — The  roundness  and  prominence  of 
the  point  of  the  shoulder  depend  upon  the  development  of 
the  deltoid  and  the  position  of  the  upper  end  of  the  humerus. 
The  part  of  the  humerus  felt  beneath  the  deltoid  is  not  the 
head,  but  the  tuberosities — the  greater  tuberosity  externally, 
the  lesser  in  front. 

A  considerable  portion  of  the  articular  head  of  the  bone 
can  be  felt  by  the  lingers  placed  high  up  in  the  axilla  when 
the  arm  is  abducted. 

The  head  of  the  humerus  faces  very  much  in  the  direction 
of  the  internal  condyle. 

The  groove  between  the  pectorahs  major  and  deltoid 
muscles  is  usually  to  be  made  out.  In  it  run  the  cephalic 
vein  and  a  large  branch  of  the  acromio-thoracic  artery.  Near 
the  groove  and  a  little  below  the  clavicle  the  coracoid  process 
may  be  felt.  The  process,  however,  does  not  actually  present 
in  the  interval  between  the  two  muscles,  but  is  covered  by 
the  innermost  fibres  of  the  deltoid. 

The  position  of  the  coraco-acroniial  hgament  may  be 
defined,  and  a  knife  thrust  through  the  middle  of  it  would 
strike  the  biceps  tendon  and  open  the  shoulder-joint. 

When  the  arm  hangs  at  the  side  with  the  hand  supine, 
the  bicipital  gi'oove  looks  directly  forward. 

In  this  posture  the  head  of  the  bone  lies  entirely  to  the 
outer  side  of  a  line  drawn  vertically  downwards  from  the 
coracoid  process. 

The  skin  over  the  deltoid  is  comparatively  thick  and 
adherent,  and  retracts  httle  when  divided.  The  skin  over  the 
pectoral  muscle  and  over  the  inner  surface  of  the  arm  near  the 
axilla  is  finer,  and  retracts  considerablv  when  severed. 

The  muscles  about  the  shoulder-joint  and  their  precise 
attachments  should  be  borne  in  mind. 
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The  capsule  of  the  shoulder-joint  is  very  lax.  Its  superior 
part  is  best  exposed  by  carrying  the  elbow  across  the  chest ; 
rotation  of  the  arm  outwards  brings  the  anterior  part  of 
the  capsule  to  the  front,  and  rotation  inwards  the  posterior 
part. 

The  great  subacromial  bursa  intervenes  between  the  cap- 
sule and  the  acromion  process. 

The  main  blood  supply  of  the  deltoid  muscle  is  derived 
from  the  posterior  circumflex  artery. 

This  artery,  with  the  circumflex  nerve,  crosses  the 
humerus  in  a  horizontal  line  which  is  about  a  finger's- 
breadth  above  the  centre  of  the  vertical  axis  of  the  deltoid 
muscle. 

The  dorsalis  scapulio  artery  crosses  the  axillary  border  of 
the  scapula  at  a  point  corresponding  to  the  centre  of  the 
vertical  axis  of  the  deltoid  muscle. 

The  acromio-thoracic  artery  emerges  at  the  upper  border 
of  the  pectoralis  minor,  i.e.,  at  a  spot  where  a  line  drawn  from 
the  third  rib  (near  its  cartilage)  to  the  coracoid  process  crosses 
the  line  of  the  axillary  artery. 

Air  may  be  drawn  into  the  axillary  vein  or  into  some  of 
its  larger  tributaries  if  they  are  wounded  and  happen  to  be 
exposed  to  the  atmosphere — as  after  sponging — during  an 
inspiration. 

Methods  of  Controlling  Haemorrhage  during  the  Opera- 
tion.— 1.  The  method  of  controlling  bleeding  by  means  of  an 
elastic  band,  which  is  carried  across  the  axilla  and  brought 
well  u|)  over  the  point  of  the  shoulder,  is  strongly  to  be  con- 
deumed  as  useless  and  dangerous.  In  such  a  method  the 
axillary  artery  is  compressed  mainly  against  the  humerus.  At 
the  moment  of  the  disarticulation,  the  band  is  apt  to  slip. 
It  is  in  the  way  of  the  operator,  and  cannot  with  any  in- 
genuity be  made  trustworthy. 

2.  The  compression  of  the  subclavian  artery  in  the  neck 
aofainst  the  first  rib  is  a  more  certain  mode  of  controlling 
bleeding. 

The  vessel  is  couipressed  with  the  fingers  or  with  an 
instrument  shaped  like  the  handle  of  a  door-key.  In  stout 
and  muscular  subjects,  and  in  cases  where  the  clavicle  is  lifted 
up,  this  method  is  not  applicable.    Under  such  circumstances 
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some  surgeons  have  advised  that  an  incision  should  be  made 
over  the  third  part  of  the  subclavian,  and  the  finger  or  a  com- 
pressor be  introduced  through  the  wound  in  order  that  the 
arterj'  might  be  more  directly  reached. 

Except  under  special  circumstances,  compression  of  the 
subclavian  is  not  to  be  advised.  Even  with  a  skilled  and 
careful  assistant  the  method  is  not  absolutely  trustworthy. 
The  fingers  are  apt  to  slip  during  the  movements  of  the  limb 
or  of  the  patient,  and  the  assistant  who  controls  the  artery  is 
somewhat  in  the  way. 

The  methods  that  are  the  most  valuable  are  the  two  next 
described. 

3.  The  main  artery  may  be  compressed  in  the  flap  by  the 
fingers  of  an  assistant,  who  takes  hold  of  the,  part  immediately 
before  the  vessel  is  divided. 

This  procedure  is  described  in  the  account  of  Spence's 
operation  (page  388). 

4.  The  artery  may  be  exposed  and  ligatured  before  it  is 
divided  and  early  in  the  course  of  the  operation.  An  account 
of  this  method  is  given  in  the  description  of  Larrey's  disarti- 
culation (page  390). 

Methods  of  Operating. — Sedillot  enumerates  twent}'  dif- 
ferent methods  of  disarticulating  at  the  shoulder-joint,  and 
Lisfranc  refers  to  no  less  than  thirt3r-six  procedures  under  this 
head. 

Farabeuf  gives  illustrations  of  thirty  different  amputations 
at  the  shoulder.  These  illustrations  form  an  excellent 
historical  atlas,  of  which  the  author  modestly  says,  "II  n'est 
pas  complet,  quoique  plus  que  suftisant." 

Many  of  these  operations  have  been  long  abandoned,  and 
are  merely  curious.  Among  such  may  be  placed  amputa- 
tions by  an  axillary  flap,  as  practised  by  the  elder  Ledran  in 
1715,  and  later  by  Petit  and  Garengeot. 

Others  are  merely  modifications  of  well-recognised  opera- 
tions, as  illustrated  by  the  various  forms  of  external  flap  and 
of  antero-posterior  flaps. 

The  majority  may  be  classified  as  modifications  of  the  oval 
or  racket  operations. 

It  is  desirable  in  any  disarticulation  performed  at  the 
shoulder  that  the  acromion  process  should  be  left,  since  it  helps 
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to  preserve  some  roundness  to  the  shoulder  and  to  afford  a 
point  of  support  for  an  artificial  limb. 

It  is  important  also  that  the  axillary  vessels  be  so  ap- 
proached as  to  be  cleanly  and  certainly  cut,  and  that  it  be 
possible  to  secure  them  before  they  are  divided. 

The  glenoid  fossa  should  have  as  good  a  covering  as 
is  possible,  and  the  methods  most  frequently  practised  are 
those  in  which  the  preservation  of  the  whole  or  greater 
part  of  the  deltoid  muscle  is  a  conspicuous  feature. 

The  wound  should  be  vertical  if  efficient  drainage  is  to  be 
secured. 

It  is  well  that  the  axillary  nerves  should  be  divided 
high  up. 

The  following  modea  of  disarticulating  at  the  shoidder 
will  be  described  : — 

1.  The  racket  method. 

A.  Spence's  operation. 

B.  Larrey's  operation. 

2.  The  external  or  deltoid  flap. 
8.  Other  methods. 

Instruments. — A  stout  knife  with  a  blade  from  four  to  five 
inches  in  length.  (If  a  transfixion  operation  be  performed,  an 
amputating-knife  with  a  blade  equal  in  length  to  one  diameter 
and  a  half  of  the  limb  Avill  be  required.)  A  scalpel.  Ten 
pressure  forceps.  Artery  and  dissecting  forceps.  An  aneurysm 
needle,  metal  retractors,  scissors,  etc. 

Position. — The  patient  lies  close  to  the  edge  of  the  table, 
with  the  shoulders  raised  and  the  head  turned  to  the  opposite 
side.    The  upper  limb  is  carried  a  little  from  the  side. 

The  surgeon  should  stand  to  the  outer  side  of  the  limb  in 
the  case  of  both  the  right  and  the  left  arms.  It  is  often,  how- 
ever, more  convenient  to  stand  to  the  inner  side  of  the  left 
extremity. 

Three  assistants  are  required.  One  stands  above  the 
operator,  by  the  patient's  head,  and,  leaning  over  the  shoulder, 
retracts  the  flaps  and  compresses  the  axillary  vessels  before 
they  are  divided. 

A  second  assistant,  standing  below  the  surgeon,  by  the 
patient's  hip,  holds  the  limb  and  manipulates  it  as  re- 
quired. 
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The  third  attends  to  tlie  sponging.  He  is  placed  either 
facino-  the  surgeon  and  upon  the  other  side  of  the  table,  or  by 
the  shoidder. 

1.  The  Racket  Method.— (a)  Spences  Operation.— "Ih-Q 
following  is  Prof.  Spence's  own  account  ("Lectures  on  Surgery," 
vol.  ii.,  page  662) : — 

"  (1)  Supposing  the  right  arm  to  be  the  subject  of  ampu- 
tation. The  arm  being  slightly  abducted,  and  the  head  of  the 
humerus  rotated  outwards  if  possible,  with  a  broad  strong 
bistoury  I  begin  by  cutting  down  upon  the  head  of  the 
humerus,  immediately  external  to  the  coracoid  process,  and 
carry  the  incision  down,  through  the  clavicular  fibres  of  the 
deltoid  and  pectorahs  major,  till  I  reach  the  humeral  attach- 
ment of  the  latter  muscle,  which  I  divide. 

"I  then,  with  a  gentle  curve,  carry  the  incision  across 
and  fairly  through  the  lower  fibres  of  the 
deltoid  towards  the  posterior  border  of  the  ^■-•'^■"''1- 
axilla,  unless  the  textures  be  much  torn. 
(The  incision  so  far  is  carried  the  whole 
length  directly  down  to  the  bone.) 

"  I  next  mark  out  the  line  of  the  lower 
part  of  the  inner  section  by  carrying  an 
incision  through  the  skin  and  fat  only, 
from  the  point  where  my  straight  incision 
terminated  {i.e.,  at  the  lower  end  of  the 
insertion  of  the  pectoralis  major),  across 
the  inside  of  the  arm,  to  meet  the  in- 
cision at  the  outer  part  (Fig.  95).  This 
ensures  accuracy  in  the  line  of  union,  but 
is  not  essential. 

"(2)  If  the  fibres  of  the  deltoid  have 
been  thoroughly  divided  in  the  line  of  incision,  the  flap  so 
marked  out  can  be  easily  separated  (by  the  point  of  the  finger, 
without  further  use  of  the  knife)  from  the  bone  and  joint, 
together  with  the  trunk  of  the  posterior  circumflex,  which 
enters  its  deep  surface,  and  be  drawn  ujDwards  and  backwards 
so  as  to  expose  the  head  and  tuberosities. 

"(3)  The  tendinous  insertions  of  the  capsular  muscles, 
the  long  head  of  the  biceps  and  the  capsule,  are  next  divided 
by  cutting  directly  on  the  tuberosities  and  head  of  the  bone 


Fig.  9o.  —  DISAETICU- 
LATION  AT  THE 
SHOULDEE  BY  EACKET 

INCISION.  {Spence's 
operation.) 
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(the  liuiiionis  being  rotated  by  the  assistant  as  required). 
The  broad  subscapular  tendon  especiall}^,  being  ver}'-  fully 
exposed  by  the  incision,  can  be  much  more  easily  and  com- 
pletely divided  than  in  the  double-flap  method.  By  keeping 
the  large  outer  flaj)  out  of  the  way  by  a  broad  copper 
spatula  or  the  linger  of  an  assistant,  and  taking  care  to  keep 
the  edge  of  the  knife  close  to  the  bone,  as  in  excision,  the 
trunk  of  the  posterior  circumflex  is  protected. 

"Disarticulation  is  then  accomplished,  and  the  limb  re- 
moved by  dividing  the  remaining  soft  parts  on  the  axillary 
aspect." 

(4)  This  final  step  of  the  operation  is  eft'ected  as  follows: — 

The  arm,  abducted  and  rotated  out,  is  thrust  upwards  b}^ 
an  assistant  until  the  head  of  the  bone  is  projecting  well 
above  the  glenoid  cavity.  The  surgeon,  taking  hold  of  the 
head  thus  made  prominent,  draws  it  away  from  the  trunk, 
while  he  passes  his  knife  behind  it  so  as  to  cut  the  posterior 
part  of  the  capsule  and  the  only  remaining  tissues — those  of 
the  axilla — Avhich  connect  the  arm  to  the  trunk. 

An  assistant  follows  the  knife  with  his  two  thumbs,  while 
he  keeps  the  fingers  of  both  hands  spread  out  over  the 
axillary  integument.  Just  before  the  main  vessels  are  di- 
vided he  firmly  compresses  them,  and  holds  the  flap  until  the 
several  trunks  are  secured. 

All  the  soft  parts  of  the  axillary  aspect  are  divided  with 
one  sweep  of  the  knife,  which  is  made  to  emerge  from  the 
skin  wound  already  marked  out.  The  operation  is  completed 
by  cutting  the  axillary  nerves  short,  and  by  uniting  the 
wound  so  as  to  form  a  vertical  cicatrix. 

Spence  pointed  out  that  the  main  vessel  might  be 
secured  by  ligature  early  in  the  operation,  if  thought  well. 
"  By  a  few  touches  of  the  bistoury,"  he  writes,  "  the  vessel  can 
be  exposed,  and  can  then  be  tied  and  divided  between  two 
ligatures,  so  as  to  allow  it  to  retract  before  dividing  the  other 
textures." 

In  disarticulating,  the  capsule  should  be  divided  trans- 
versely by  a  cut  made  upon  the  head  of  the  bone.  The  three 
muscles  attached  to  the  greater  tuberosity  are  cut  while  the 
humerus  is  being  rotated  in,  the  subscapularis  while  it  is 
being  rotated  out. 
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If  the  humerus  be  fractured,  the  upper  frvagiiients  should 
be  grasped  with  Hon  forceps  as  soon  as  the  deltoid  flap  has 
been  dissected  up,  and  manipulated  as  required  during  the 
disarticulation. 

When  the  limb  is  very  muscular,  Spence  advised  that  the 
skin  and  fat  should  be  raised  a  little  from  the  deltoid  along 
the  outer  part  of  the  incision,  .  and  that  when  a  certain 
amount  of  the  lower  portion  of  the  muscle  had  been  exposed 
its  fibres  should  be  divided  by  a  second  incision.  This  deep 
incision  would  be  a  good  deal,  higher  than  the  one  usually 
made,  and  so  an  excess  of  muscular  tissue  in  the  flap  would 
be  avoided. 

Hcemorrhage. — The  main  artery  is  divided  between  the 
origins  of  the  posterior  circumflex  artery  and  the  superior 
profunda. 

On  "the  edges  of  the  vertical  incision  there  may  be 
bleeding  from  the  humeral  branch  of  the  acromio-thoracic 
artery,  and  in  the  depths  of  that  incision  the  anterior  cir- 
cumflex artery  will  be  divided. 

There  will  be  bleeding  from  muscular  branches  in  the 
deltoid  flap,  and  considerable  hasmorrhage  should  the  pos- 
terior circumflex  artery  be  unintentionally  cut. 

(b)  Larrey's  Operation. — This  is  the  method  designated 
by  Farabeuf  as  the  best  of  the  many  operations  for  dis- 
articulation at  the  shoulder. 

The  skin  incisions  are  those  given  by  Larrey,  the  mode  of 
dividing  the  muscles  is  ascribed  to  Marcellin  Duval,  and  the 
method  of  securing  the  main  artery  to  Verneuil. 

(1)  The  limb  being  held  a  short  distance  away  from  the  side 
by  an  assistant,  the  surgeon  steadies  the  skin  of  the  shoidder 
with  the  left  hand  while  he  makes  a  vertical  cut,  which 
is  commenced  just  below  and.  just  in  front  of  the  prominence 
of  the  acromion,  and  is  continued  down  the  arm  for  four 
inches. 

Along  this  incision  the  knife  is  carried  through  the  fibres 
of  the  deltoid  muscle  to  the  bone.  By  means  of  this  pre- 
liminary wound  the  shoulder-joint  may  be  explored. 

(2)  From  the  centre  of  the  vertical  incision  the  oval  part  of 
the  racket  is  commenced,  and  is  carried  across  the  front  of 
the  arm  to  pass  transversely  over  the  inner  side  of  the  limb 
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on  a  level  with  the  lowest  point  of  the  vertical  incision.  It  is 
finally  continued  up  along  the  postero-external  aspect  of  the 
limb  to  end  where  it  commenced  (Fig.  96). 

This  oval  cut  at  firs t^  involves  the  integuments  only.  On 
the  right  arm  it  may  be;;made  with  one  sweep  of  the  knife, 
conunencing  with  the  anterior  segment  of  the  oval  and 
finishing  with  the  posterior. 

On  the  left  extremity  the  t^vo  curved  incisions  marking 
out  the  oval  may  be  conmienced  at  the  lowest  point,  and  be 
each  made  by  cutting  from  below  upwards. 

(3)  The  anterior  part  of  the  wound  is  now  deepened  by 
cutting  through  the  anterior  segment  of  the  deltoid.  The 

tendon  of  the  great  pectoral  muscle 
is  exposed,  isolated,  and  divided 
close  to  the  bone.  The  coraco- 
brachialis  and  biceps  are  in  the 
next  place  isolated  and  then  di- 
vided. 

To  the  inner  side  of  these  struc- 
tures the  axillary  artery  is  exposed, 
and  is  secured  below  the  origin 
of  the  posterior  circumflex.  It 
may  be  secured  between  two  liga- 
tures and  then  divided. 

(4)  The  operator  now  turns  to 
the  posterior  part  of  the  oval,  and 
divides  the  whole  of  the  posterior 
segment  of  the  deltoid,  carrying  the 
knife  back  to  the  under  part  of  the  axilla. 

While  these  deep  incisions  are  being  made  the  arm  is 
rotated  as  required. 

(5)  Disarticulation  is  now  efl'ected  precisely  as  in  the  previous 
operation,  and  the  remaining  axillary  tissues  which  connect 
the  limb  with  the  trunk  are  severed  in  the  same  manner. 

In  this  last  step  of  the  operation  care  should  be  taken 
that  the  knife  cuts  its  way  out  along  the  skin-wound  already 
marked  upon  the  surface,  and  that  the  main  vessel  is  severed 
only  between  the  ligatures. 

Any  hanging  portions  of  capsule  are  removed,  the  nerves 
are  cut  short,  and  the  wound  is  adjusted  vertical^. 


Fig.    96.  —  DISAETICTJLATION  AT 

THE  SHOULDEB-joiNT.  {Lurreifs 
opcmdoii.) 
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Hcemorrhage. — The  main  artery  is  divided  as  in  the  pre- 
vious operation.  Some  bleeding  may  occur  from  the  anterior 
circumflex  artery  in  the  region  of  the  bicipital  groove. 

The  posterior  circumflex  artery  is  very  apt  to  be  divided 
in  the  posterior  segment  of  the  oval  incision. 

2.  The  External  or  Deltoid  Flap. — This  method  appears 
to  have  been  extensively  performed  in  England  prior  to 
the  introduction  of  the  disarticulation  through  the  racket 
incision. 

If  the  outer  flap  be  cut  by  transfixion,  the  procedvu-e  has 
the  merit  of  being  very  rapidly  performed. 

The  operation  is  one  of  the  two  methods  of  amputating  at 
the  shoulder-joint  ascribed  to  Dupuytren.  It  is  associated 
also  with  the  names  of  Paroisse  (1800),  Grosbois  (1803),  and 
Charles  Bell  (1808). 

The  base  of  the  flap  extends  from  the  coracoid  process  in 
front  to  the  spine  of  the  scapula  at  the  root  of  the  acromion 
behind.  It  is  U-shaped,  and  its  extremity  reaches  nearly  to 
the  insertion  of  the  muscle.  If  well  shaped,  the  flap  includes 
practically  the  whole  of  the  deltoid.  At  its  base  it  should  be 
represented  by  the  entire  thickness  of  the  muscle,  while  at 
its  margins  it  should  be  comparatively  thin. 

The  surgeon  should  always  stand  at  the  outer  side  of  the 
limb,  and  almost  facing  the  patient. 

(1)  The  flap  is  marked  out  by  a  skin-incision.  In  dealing 
with  the  right  shoulder,  the  arm  should  be  carried  well  across 
the  chest  and  the  Icnife  be  entered  at  the  root  of  the  acro- 
mion. It  is  then  made  to  follow  the  outline  of  the  deltoid, 
and  to  end  at  the  coracoid  process  (Fig.  93,  c). 

As  the  knife  is  carried  up  towards  the  latter  point  the 
arm  is  withdrawn  from  the  chest  and  a  little  abducted. 

It  is  more  convenient  that  the  surgeon  should  manipulate 
the  limb  himself  with  his  left  hand. 

On  the  left  shoulder  the  process  is  reversed.  The  arm  is 
drawn  away  from  the  side  and  the  incision  commences  at  the 
coracoid.  As  it  approaches  the  acromion  the  arm  is  brought 
across  the  chest. 

(2)  The  loiife  is  now  carried  deeply  along  the  whole 
length  of  the  incision,  and  the  flap  containing  the  substance 
of  the  deltoid  muscle  is  raised.    In  cutting  the  flap  the  knife 


392 


OPERATIVE  SURGE  BY. 


should  be  held  a  little  obliquely,  in  order  that  the  section 
of  the  muscle  may  be  comparatively  thin  at  the  margins  of 
the  flap. 

The  flap  is  drawn  well  upwards  by  an  assistant,  and  the 
outer  surface  of  the  shoulder-joint  is  thereby  exposed. 

(3)  A  transverse  incision,  involving  the  skin  only,  is  now 
made  across  the  inner  side  of  the  arm,  about  two  inches 
below  the  outlet  of  the  axilla.  It  joins  the  great  wound  in 
front  and  behind. 

(4)  Disarticulation  is  finally  effected  in  the  manner  already 
described,  and  the  operation  is  completed  precisely  as  in  Spence's 
method.  That  is  to  say,  that  after  the  disarticulation  the  head 
of  the  bone  is  thrust  upwards  and  outwards,  and  is  grasped 
by  the  surgeon,  who  passes  his  knife  behind  it  so  as  to  cut 
the  very  short  internal  flap.  In  effecting  this  the  knife  at 
first  passes  downward  close  to  the  bone,  and  divides  the 
pectoralis  major,  latissinuis  dorsi  and  teres  major  muscles. 
It  is  then  made  to  cut  its  way  sharply  outwards  through  the 
incision  already  made  in  the  skin. 

In  this,  the  last  movement  of  the  knife,  are  divided  the 
coraco-brachialis,  biceps,  and  triceps,  with  the  axillary  vessels 
and  nerves. 

An  assistant  follows  the  knife  with  his  thumbs,  and  com- 
presses the  great  vessels,  before  they  are  cut,  in  the  manner 
already  detailed. 

Hcemorrhage. — In  the  deltoid  flap  there  will  be  bleeding 
from  muscular  branches  only,  notably  from  such  as  are  fur- 
nished by  the  acromio-thoracic  artery.  The  posterior  cir- 
cumflex artery  will  have  been  cut.  The  axillary  vessels  are 
divided  at  the  free  edge  of  the  inner  flap,  the  artery  being  cut 
below  the  origin  of  the  two  circumflex  vessels.  These  arteries 
will  be  found  severed  in  the  margin  of  the  inner  flap,  and  the 
posterior  of  the  two  will  certainly  require  a  ligature. 

3.  Other  Methods. — The  following  will  be  described  : — 

A.  By  antero-posterior  flaps. 

B.  By  the  circular  method, 
c.  By  the  elliptical  method. 

A.  The  amputation  by  Anterior  and  Posterior  Flaj^s  is 
usually  ascribed  to  Lisfranc. 

It  was  strongly  advocated  by  Fcrgusson,  who  practised  it. 
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Although  the  operation  would  probably  not  be  performed  at 
the  present  day,  it  is  worthy  of  note  as  a  brilliant  and  difficult 
procedure. 

It  requires — more  than  does  any  other  disarticulation  at 
thisjomt — great  skill  of  hand,  and  certainty  and  rapidity  of 
movement. 

The  description  which  follows  is  in  Fergusson's  own  words, 
and  applies  to  the  left  hmb  : — 

"The surgeon,  standing  on  the  patient's  left  side,  should 


Pig.  97. — AMPUTATION  AT  THE  SHOTILDEE-JOINT  BY  TEANSFIXION.    fFrOm  FergUSSOn's 

"Practical  Surgery,"  enlarged,  but  clrawu  preciselj'  to  scale.) 

then  lay  hold  of  the  arm  a  little  above  the  elbow,  and  move  it 
fi-om  the  side  and  shghtly  backwards,  so  as  to  give  a  view  of 
the  skin  in  the  axilla.  An  amputating-laiife — seven  or  eight 
inches  in  length — held  in  the  right  hand,  should  then  be  pushed 
through  the  skin  in  the  armpit,  immediately  in  front  of  the 
tendons  of  the  latissimus  dorsi  and  teres  major  muscles,  and 
carried  upAvards  and  obliquely  forwards  until  its  point  protrudes 
a  little  in  fi-ont  of  the  extremity  of  the  acromion  (Fig.  97). 

"  During  this  movement  a  good  anatomist,  with  a  dextrous 
hand,  may  actually  open  the  capside  .behind,  by  adroitly 
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touching  the  tendons  of  the  teres  minor  and  infraspinatus. 
.  .  .  .  The  thrust  will  be  greatly  facilitated  by  moving  the 
elbow  outwards,  upwards  and  backwards  ;  indeed,  unless  this 
be  attended  to,  there  is  every  chance  of  the  point  of  the  knife 
appearing  through  the  skin  long  before  it  has  reached  the 
extremity  of  the  acromion.  Keeping  the  arm  in  the  attitude 
last  mentioned,  the  knife  should  be  thrust  up  to  its  heel,  and 
then  carried,  with  a  sawing  motion,  downwards,  backwards  and 
outwards,  so  as  to  make  a  flap  four  or  five  inches  in  length, 
formed  chiefly  of  the  posterior  part  of  the  deltoid  with  the 
tendons  of  the  latissimus  dorsi  and  teres  major  and  the  skin. 

"  This  flap  being  raised  by  an  assistant,  the  point  of  the  knife 
should  be  used  to  open  completely  the  posterior  and  upper 
part  of  the  joint  by  a  thorough  division  of  the  teres  minor, 
infraspinatus,  supraspinatus,  capsule,  and  long  heads  of  the 
biceps  and  triceps.  To  facilitate  these  steps  the  elbow  should 
now  be  carried  in  front  of  the  chest  and  the  head  of  the  bone 
pushed  backwards. 

"When  the  textures  are  sufficiently  divided,  the  same  move- 
ment will  cause  the  luxation  of  the  articular  surface.  The 
knife  should  then  be  passed  in  front  of  the  bone  and  carried 
downwards  and  forwards,  to  form  a  flap  about  the  same  length 
as  the  other,  by  dividing  the  subscapular  muscle,  the  re- 
maining portions  of  the  capsule  and  of  the  deltoid,  short 
head  of  the  biceps,  pectoralis  major,  vessels,  nerves  and  skin  of 
the  axilla  and  fore-part  of  the  shoulder. 

"  In  the  last  movements  of  the  knife  the  axillary  artery  must 
be  divided ;  and  to  restrain  haemorrhage,  an  assistant  at  this 
period  of  the  operation  should  grasp  the  soft  parts  in  the 
axilla."* 

On  the  right  limb  the  process  is,  reversed,  and  the  knife 
having  been  entered  at  the  base  of  the  acromion,  is  brought 
out  at  the  posterior  margin  of  the  axilla. 

This  operation  has  little  to  recommend  it  except  rapidity 
of  execution.  The  flap  is  not  so  good  as  that  formed  out  of 
the  deltoid  alone,  a  very  wide  section  of  the  muscles  is  made, 
and  the  procedure  has  no  advantages  which  can  counter- 
balance the  difficulty  attendmg  its  performance. 

B.  The  Circular  Method,  as  advised  by  Alanson,  Cornuan, 
and  others,  has  never  been  favourably  received.  Disarticulation 
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is  almost  impossible  unless  a  vertical  incision  be  made  to  meet 
the  circular  cut,  and  wlien  that  has  been  done  the  operation  is 
simply  an  inconvenient  modification  of  the  racket  amputation. 

c.  The  Elliptical  Method  was  employed  by  Marcellin  Duval 
The  lower  pomt  of  the  ellipse  was  on  the  inner  side,  and  was 
on  the  level  of  a  point  four  inches  below  the  acromion.  The 
outer  or  upper  point  of  the  ellipse  was  two  and  a  half  mches 
below  that  process. 

The  operation  is  clumsy  and  most  difficult,  and  th.e  flaps 
are  ill-fitting. 

Comment. — Of  the  three  chief  operations  especially  de- 
scribed at  the  commencement  of  this  chapter,  the  best  are 
those  of  the  racket  incision ;  and  of  the  two  detailed,  the  greater 
value  must  attach  to  Spence's  method. 

The  advantages  claimed  for  the  operation  are  the 
following : — 

1.  The  articulation  is  easily  exposed,  and  an  excision  can 
be  performed  through  the  vertical  cut  should  the  case  on 
examination  prove  to  be  unsuited  for  disarticulation. 

2.  The  least  possible  division  of  the  muscles  is  made. 

3.  Disarticulation  is  easily  effected. 

4.  The  posterior  circumflex  artery  is  not  divided. 

5.  The  main  vessels  are  easily  secured. 

6.  A  very  excellent  stump  results. 

In  Larrey's  operation  the  parts  can  be  divided  as  neatly 
and  as  certainly  as  in  the  method  just  named,  and  in  any  case 
in  which  Spence's  measure  may  not  be  applicable  this  disarti- 
culation may  be  carried  out. 

A  preliminary  exammation  of  the  joint  can  be  made,  and 
an  excision  effected  if  necessary,  but  the  articulation  is  exposed 
at  some  depth,  and  a  considerable  section  of  the  muscular 
tissues  is  made.  Moreover,  the  posterior  circumflex  artery  is 
apt  to  be  cut.    A  most  admirable  stump  results. 

The  disarticulation  by  the  external  flap  is  simple  and  easy, 
and  can  be  carried  out  with  rapidity. 

It  does  not  lend  itself,  however,  to  a  preliminary  exploration 
of  the  joint.  The  circumflex  artery  is  divided  and  the  flap  is 
apt  to  be  ill-nourished.  The  resulting  stump  is  not  a  good  one. 
The  flap  is  ill-iitting,  and  the  soft  parts  do  not  mould  them- 
selves to  the  glenoid  cavity  and  scapula. 
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Ill  all  these  operations  it  may  be  claimed  that  excellent 
drainage  is  provided  for. 

The  After-treatment  of  these  Operations. — A  drainuge- 
tube  will  be  required,  as  a  considerable  amount  of  fluid 
commonly  escapes  from  the  synovial  membrane  which  is  left 
behind. 

Pressure  should  be  applied  to  the  outer  flap  after  the 
stitches  have  been  mtroduced,  in  order  that  the  great  cavity 
left  beneath  the  acromion  may  be,  as  far  as  possible, 
obliterated. 

The  method  advised  by  Farabeuf  for  the  adjustment  of  the 
wound  after  Larrey's  o]3eration  is  ver}'-  excellent. 

The  median  part  of  the  wound  is  united  by  sutures  as 
usual.  The  lower  extremity  is  left  open,  to  permit  of  eflicient 
and  simple  drainage.  The  upper  portion  of  the  wound  is  not 
united  by  sutures,  but  the  edges  of  the  incision  are  brought 
together  by  a  compress.  This  compress,  which  is  applied  on 
the  outer  aspect,  not  only  supports  the  wound,  but  also  forces 
the  intes'uments  under  the  acromion,  and  obliterates  the 
hollow  about  the  glenoid  fossa. 

The  patient's  thorax  should  be  kept  raised,  and  the  body 
inclined  a  little  towards  the  injured  side. 
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CHAPTER  XXL 

Amputation  of  the  Upper  Limb  together  with  the 

Scapula. 

This  operation,  tlie  ampidation  interscajndo-thoracique 
of  Frencli  surgeons,  has  been  carried  out  with  consider- 
able success  in  some  few  cases  of  extensive  injury  of 
the  upper  extremity,  inckiding  gunshot  wounds,  and  in  a 
larger  number  of  examples  of  malignant  tumour,  involving  the 
region  of  the  axilla  and  shoulder-joint,  the  complete  removal 
of  which  could  not  be  eftected  without  the  sacrifice  both  of 
the  arm  and  of  the  scapula.  It  has  been  performed  also  in 
examples  of  extensive  bone-disease. 

A  very  elaborate  account  of  the  operation  was  published 
by  Paul  Berger  in  1887,  and  the  monograph  includes  the 
histories  of  iifty-one  cases.  The  operation  appears  to  have 
been  first  performed  in  1808  by  Ralph  Gumming,  a  surgeon  m 
the  British  Navy.  Mr.  Chavasse  has  appended  to  an  account 
of  a  successfid  operation  a  list  of  44  cases  m  which  the 
amputation  was  performed  for  neoplasmata  ;  out  of  the  44 
cases  10  may  be  counted  as  cured  {Med.-Ghir.  Trans., 
vol.  Ixxiii.,  1890).  The  mortality  in  the  non-traumatic  cases 
has  been  20  per  cent.,  and  in  the  traumatic  cases  80f  per  cent. 
The  chief  risks  of  the  operation  are  from  shock,  htBinorrhage, 
the  entrance  of  air  into  veins,  and  from  purulent  infection. 

The  amputation  involves  the  removal  of  the  upper  limb, 
together  with  the  scapula  and  the  outer  two-thirds  of  the 
clavicle.  No  disarticulation  is  attempted  at  the  shoulder- 
joint. 

Methoil. — The  best  method  is  that  of  Paul  Berger  by  two 
flaps — an  antero-inferior  or  pectoro-axillary  flap,  and  a  posterior- 
superior  or  cervico-scapular  flap. 

The  Steps  of  the  Operation. — The  amputation  may  be 
divided  into  four  staijes. 
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1st.  The  clavicle  is  exposed  and  is  divided  at  the  junction 
of  the  middle  with  the  inner  third.  The  middle  third  of  the 
bone  is  excised.  The  subclavian  vessels  are  exposed,  and  are 
secured  by  double  ligatures  and  divided. 

2nd.  The  antero-infcrior  Hap  is  fashioned  and  the  brachial 
plexus  severed. 

Srd.  The  postero-superior  flap  is  fashioned. 
Uh.  The  extremity  is  removed  by  dividing  the  tissues  still 
connecting  the  scapula  with  the  trunk. 

Instruments. — A  strong,  stout  amputating-knife  with  a 
blade  from  five  to  six  inches  in  length ;  a  stout  scalpel ;  a 
periosteal  elevator  curved  on  the  flat ;  metal  retractors,  spatulre, 
and  blunt  hooks  ;  a  keyhole-saw  or  a  tine  chain-saw  ;  bone 
forceps,  lion  forceps,  aneurysm  needle,  pressure  forceps,  artery 
and  dissecting  forceps,  scissors,  etc. 

Position. — The  position  of  the  surgeon  varies  with  each  step 
of  the  operation,  and  is  described  below.  Three  assistants 
should  be  at  his  service. 

The  Operation. — l.s^^  Stejx — The  patient  lies  upon  the 
back,  close  to  the  edge  of  the  operating-table.  The  shoulders 
are  raised  upon  a  hard  cushion.  The  arm  is  by  the  side  or  a 
little  separated  from  it.  The  surgeon  stands  to  the  outer  side 
of  the  limb,  facing  the  patient.  Two  assistants  are  placed 
one  on  each  side  of  the  surgeon.  A  third  assistant  stands 
on  the  other  side  of  the  body  and  facing  the  operator. 

The  clavicular  incision  is  now  made  with  a  stout  scalpel. 
The  mcision  is  horizontal,  is  made  along  the  surface  of  the 
bone,  commences  internally  at  the  outer  border  of  the  sterno- 
mastoid  muscle,  and  ends  externally  just  beyond  the  acromio- 
clavicular articulation. 

The  knife  divides  everything  down  to  the  bone. 
At  this  stage  the  sometimes  large  connecting  vein  which 
may  pass  between  the  external  jugular  and  cephalic  veins  may 
be  severed. 

The  periosteum  of  the  clavicle  is  divided  along  the 
horizontal  line  corresponding  to  the  original  wound,  and  is 
also  divided  vertically  or  circularly  at  the  inner  extremity  of 
the  wound. 

The  inner  third  of  the  clavicle  is  not  disturbed  in  any  wa}^ 
By  means  of  a  small  rugine  or  periosteal  elevator  curved 
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on  the  flat,  the  periosteum  is  separated  from  the  superficial 
part  of  the  middle  portion  of  the  bone,  which  is  now  well 
exposed. 

During  the  use  of  the  elevator  an  assistant  should  steady 
the  collar-bone,  and  render  it  as  prominent  as  possible. 

A  large,  blunt  hook  may  now  be  very  carefully  passed 
round  the  inner  end  of  the  exposed  clavicle,  and  Avhile  an 
assistant  draws  the  bone  forward  and  steadies  it  by  means  of 
this  hook  the  surgeon  saws  it  through  at  about  the  junction 
of  the  middle  with  the  inner  third.  The  section  is  accom- 
plished by  means  of  a  keyhole-saw,  or  by  a  fine  chain-saw,  the 
former  being  the  more  convenient. 

The  blunt  hook  serves  to  guide  the  saw  and  in  some  way 
to  protect  the  deeper  parts.  During  the  sawing  the  middle  of 
the  clavicle  should  be  grasped  aiid  further  fixed  by  means  of  lion 
forceps.  The  bone  is  the  more  conveniently  divided  (with  the 
hand-saw)  if  the  blade  be  directed  downwards,  outwards  and 
backwards.  A  perfectly  straight  vertical  section  of  the  bone 
is  difficult  and  unnecessary. 

The  outer  fragment  of  the  divided  clavicle  is  noAv  drawn 
forwards  by  the  lion  forceps,  the  remaining  periosteum  is 
separated  from  its  posterior  and  deep  surfaces,  and  the  bared 
bone  is  then  again  sawn  through  at  the  outer  end  of  the 
middle  third. 

The  middle  third  of  the  clavicle  is  thus  entirely 
removed.  The  exposed  subclavius  muscle  is  now  isolated,  is 
divided  close  to  the  site  of  the  inner  section  of  the  bone,  and 
is  dissected  up  so  as  to  expose  the  great  vessels,  and  turned 
outwards. 

Fasciae  of  varying  thickness  will  have  to  be  divided  before 
the  vessels  are  reached. 

A  double  ligature  is  passed  round  both  the  artery  and  the 
vein,  and  between  the  ligatures  each  vessel  is  divided. 

The  ligature  takes  place  at  the  lower  border  of  the  first  rib 
and  the  artery  should  be  exposed  and  secured  before  the  vein, 
in  order  that  as  little  blood  as  possible  may  be  left  in  the 
extremity. 

2nd  Step. — While  the  patient  is  still  lying  on  the  back, 
the  body  is  brought  as  near  to  the  couch  as  possible,  and  the 
shoulder  is  made  to  project  beyond  it. 
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An  assistant  draws  the  upper  liuib  away  from  the  body, 
and  the  surgeon  stands  to  the  inner  side  of  the  Hmb,  i.e., 
between  it  and  the  trunk.  The  whole  of  the  scapular  region 
should  be  free  of  the  table,  the  back  resting  upon  the  hard 
cushion,  which  is  at  the  very  edge  of  the  table,  and  the  head 
being  drawn  to  the  opposite  side. 

The  assistant  moves  the  limb  as  required  during  the 
cutting  of  the  pectoro-axillary  flap. 


Fig.  98. — INTERSCAPULO-THORACIC  AMPUTATION. 


The  incision  marking  out  this  flap  is  commenced  at  the 
centre  of  the  clavicular  incision,  is  then  curved  downwards  and 
outwards,  passing  just  beyond  (i.e.,  to  the  outside  of)  the 
coracoid  process,  and  then  runs  along  the  deltoid  muscle, 
parallel  to,  but  to  the  outer  side  of,  the  groove  between  that 
muscle  and  the  j)ectoralis  major  (Fig.  98).  On  reaching  the  point 
Avhere  the  anterior  wall  of  the  axilla  joins  the  arm,  the  incision 
crosses  the  lower  margin  of  the  pectoralis  major,  and  passing 
transversely  across  the  skin  upon  the  inner  or  axillary  surfticc 
of  the  arm,  reaches  the  lower  margin  of  the  tendons  of  the 
latissinuis  dorsi  and  teres  major.  At  this  point  the  limb  is 
well  raised  by  the  assistant,  and  the  wound  is  completed  by 
carrying  the  knife  downwards  and  inwards  to  stop  over  the 
posterior  surface  of  the  inferior  angle  of  the  scapula.  In  the 
last  part  of  the  course  the  knife  follows  the  groove  between  the 
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vertebral  border  of  the  scapula  and  the  muscular  mass  formed 
by  the  teres  major  and  latissimus  dorsi. 

The  incision  involves  at  first  only  the  skin  and  the  sub- 
cutaneous tissues. 

The  surgeon  now  dissects  up  the  structures  of  the  flap  which 
comprise  the  soft  parts  of  the  pectoral  and  axillary  regions. 

The  pectoralis  major  is  divided  about  where  it  is  becoming 
tendinous,  the  pectoralis  minor  is  severed  close  to  the  coracoid 
process.  An  assistant  holds  back  the  tissues  of  the  flap,  while 
the  surgeon  exposes  the  cords  of  the  brachial  plexus,  which  are 
then  divided  at  the  same  level  as  the  main  vessels,  i.e.,  close  to 
the  first  rib. 

The  shoulder  now  falls  outwards  away  fi*om  the  trunk,  and 
the  axilla  is  fully  opened  up.  Any  undivided  connections  of 
the  hmb  in  the  axillary  region  are  freed. 

The  latissimus  dorsi  is  severed  in  the  line  of  the  incision, 
and  serves  to  form  part  of  the  flap. 

3rcZ  Step. — The  patient  lies  still  in  the  same  position  at 
the  extreme  edge  of  the  table ;  but  the  arm  is  now  carried 
across  the  chest  by  an  assistant  so  as  to  well  expose  the 
scapular  region,  and  the  surgeon  takes  his  place  to  the 
outer  side  of  the  extremity. 

He  proceeds  to  cut  the  postero-superior  flap. 

The  incision  starts  at  the  outer  termination  of  the  first  or 
clavicular  incision  {i.e.,  at  a  point  just  beyond  the  acromio- 
clavicular joint),  and  is  carried  backwards  by  the  shortest  route 
over  the  scapular  spine  to  meet  the  termination  of  the  anterior 
flap  incision,  at  the  inferior  angle  of  the  scapula  (Fig.  98). 
The  wound  concerns  the  integuments  only.  The  skin  is  well 
reflected  in  the  upper  part  of  the  incision,  so  as  to  lay  bare  the 
trapezius  muscle.  This  muscle  is  divided  close  to  its  at- 
tachments to  the  clavicle  and  scapula,  and  is  entirely  severed 
from  its  connections  with  the  Hmb. 

Uh  Step. — Nothing  now  remains  but  to  sever  the  connec- 
tions of  the  scapula  with  the  trunk. 

One  assistant  holds  back  the  anterior  flap,  another  the 
posterior.  The  limb  is  allowed  to  hang  away  from  the  side, 
supported  by  a  third  assistant,  and  steadied  and  directed  by  the 
left  hand  of  the  operator. 

The  operator  himself  may  conveniently  stand  to  the  inner 
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side  of  tlie  right  arm  and  the  outer  side  of  the  left.  The 
superior  and  vertebral  borders  of  the  scapula  being  made 
prominent,  the  following  nuiscles  are  rapidly  divided  from 
above  downwards  close  to  the  bone :  the  omo-hyoid,  levator 
anguU  scapuliE,  rhoniboideus  minor  and  major,  and  the  serratus 
magnus. 

The  Hmb  is  now  free.  The  two  teres  muscles,  the  sub- 
scapularis,  and  the  supra-  and  infra-spinatus  muscles  go  un- 
touched with  the  amputated  extremity. 

Hcemorrhage. — The  early  ligature  of  the  main  vessel 
renders  the  bleeding  in  this  formidable  operation  com- 
paratively slight.  In  resecting  the  clavicle  and  exposing 
the  great  vessels  no  noteworthy  bleeding  is  encountered.  In 
fashioning  the  anterior  flap  liicmorrhage  may  be  expected  from 
several  muscular  arteries  and  from  branches  of  the  acromio- 
thoracic  and  long  thoracic.  The  subscapular  artery  should 
not  be  disturbed,  although  its  thoracic  branch  will  bo  divided. 

In  fashioning  the  posterior  flap  no  vessels  of  any  note 
will  be  encountered  except  muscular  branches  in  the  trapezius 
muscle,  which  are  divided  as  the  muscle  is  cut. 

It  is  during  the  fourth  step  of  the  operation  that  most 
hjemorrhage  is  to  be  expected.  It  will  come  fi-om  the  vessels 
descending  from  the  neck  or  from  the  supra-scapular  and  the 
posterior  scapular.  The  former — a  small  artery  the  size  of 
the  lingual — may  be  secured  close  to  the  omo-hyoid  muscle, 
and  as  it  is  about  to  pass  into  the  supraspinous  fossa.  The 
posterior  scapular,  a  somewhat  larger  vessel,  reaches  the 
superior  angle  of  the  scapula  by  following  the  levator  anguli 
scapulsB  muscle.  The  vessel  may  be  cut  and  clamped  im- 
mediately after  division  of  the  muscle. 

After-treatment. — The  wound,  when  closed  with  sutures, 
forms  an  oblique  line  running  from  above  downwards,  out- 
wards and  backwards.  A  large  pocket  is  left  in  the  stump, 
in  which  inflammatory  exudations  may  readily  collect.  This 
pocket  should  be  obliterated  by  pressure,  a  matter  best 
accomplished  by  packing  the  Avound  with  sponges,  over  which 
the  pressure  of  a  bandage  is  brought. 

If  this  be  well  efi'ected,  and  if  no  diseased  or  damaged 
tissue  have  been  left  behind,  a  drainage-tube  is  not  required. 
The  patient  should  be  kept  well  raised  up  in  bed. 
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Amputation  of  the  Toes. 

As  in  the  majority  of  cases  amputation  of  the  toes  is 
performed  for  injury,  it  is  not  always  possible  to  carry  out 
the  precise  lines  of  a  formal  operation.  In  not  a  few  instances 
the  "  amputation  "  consists  merely  in  removing  a  little  bone 
and  in  trimming  a  mangled  stump. 

Anatomical  Points. — The  two  outer  toes — and  possibly 
the  third  toe — are  commonly  found  to  be  much  bent  upon 
themselves,  and  not  lying  straight  as  shown  in  surgical 
diagrams.  This  bending  consists  in  a  flexing  of  the  last 
phalanx  or  of  the  last  two  phalanges  upon  the  first. 

The  joints  of  the  toes  should  be  defined.  The  middle  of 
the  length  of  each  toe  about  corresponds  to  the  joint  between 
the  first  and  second  phalanges.  The  line  of  the  metatarso- 
phalangeal joints  follows  an  easy  curve,  and  is  about  one  inch 
behind  the  web  of  the  toes.  The  head  of  the  first  metatarsal 
bone  and  the  line  of  its  joint  can  be  readily  made  out  by  a 
little  manipulation.  The  heads  of  the  first  and  of  the  third 
metatarsals  are  in  the  same  transverse  line.  The  head  of  the 
second  is  about  3  m.m.  in  front  of  this  line,  and  the  head 
of  the  fourth  about  3  m.m.  behind  it ;  while  the  head  of 
the  fifth  metatarsal  is  a  little  more  than  1  cm.  (nearly  half 
an  inch)  behind  the  line. 

The  last  phalanges  of  the  four  outer  toes  are  small,  squat 
bones,  often  nearly  square,  and  an  amputation  "  through"  the 
last  phalanges  of  these  toes  would  in  many  instances  be  an 
absurdity.  The  shafts  of  the  first  and  second  phalanges  are 
slender  and  compact,  and  can  be  easiiy' divided  with  bone 
forceps.    (See  page  30G.) 

Each  phalanx  has  one  epiphysis  at  its  proximal  extremity. 
It  is  represented  by  the  base  of  the  bone,  and  joins  the  shaft 
between  the  nineteenth  and  twenty-first  years. 
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The  prominent  part  of  each  phalangeal  joint — each 
knuckle — is  formed  by  the  head  of  the  proximal  bone. 

The  inter-phalangeal  and  metatarso-phalangeal  joints  are 
each  supported  by  two  lateral  ligaments  and  a  glenoid  liga- 
ment. The  former  are  nearer  to  the  plantar  than  the  dorsal 
aspect  of  the  joint.  The  tough,  fibrous,  glenoid  hgament 
occupies  the  whole  of  the  plantar  aspect  of  the  joint.  The 
head  of  the  proximal  bone  rests  on  it ;  the  lateral  ligaments 
join  it ;  it  is  more  firmly  attached  to  the  base  of  the  distal 
bon'C  than  the  head  of  the  proximal  one.  Beneath  it  glides 
the  flexor  tendon,  the  fibrous  sheath  of  which  is  fixed  to  it. 
In  the  glenoid  ligament  of  the  first  metatarso-phalangeal 
joint  two  sesamoid  bones  are  developed.  They  are  received 
in  grooves  on  the  head  of  the  metatarsal  bone,  but  their  more 
intimate  structural  connection  is  with  the  phalanx.  The 
fibrous  sheaths  for  the'  flexor  tendons  have  the  same  arrange- 
ment in  the  foot  as  in  the  hand,  and  the  same  care  should 
be  taken  to  effectually  close  them  when  divided.  (See  page 
322.) 

In  dealing  with  the  anterior  part  of  the  foot  it  must  be 
remembered  that  the  foot  rests  upon  the  heel,  the  heads  of 
the  metatarsal  bones,  and  the  mner  margin  of  the  sole.  In 
amputation,  therefore,  every  care  should  be  taken  to  save  as 
much  as  possible  of  the  metatarsus,  and  especially  of  the  first 
metatarsal  bone  and  the  phalanges  of  the  great  toe.  The 
same  care  need  not  be  taken  to  preserve  every  possible  part  of 
the  four  outer  toes.  A  sloughing  stump  has  often  resulted 
from  too  great  anxiety  to  preserve  these  almost  useless  digits. 

Instruments. — Stout,  narrow  scalpels,  with  blades  from  one 
inch  to  two  inches  m  length,  and  with  weU-rounded  points. 
A  fine  keyhole-saw,  or  minute  Butcher's  saw.  Bone  forceps. 
Dissecting  and  artery  forceps.  Tapes  to  retract  the  toes. 
Scissors,  needles,  etc. 

Position. — In  all  these  operations  upon  the  toes  the 
patient  should  lie  on  the  back,  and  the  foot  be  brought 
well  beyond  the  end  of  the  couch.  The  surgeon  should  sit 
at  the  end  of  the  table  facing  the  patient.     The  assistants 

stand  facing  the  surgeon — one  on  each  side  of  the  end  of 

the  table.  One  should  fix  the  limb  and  hold  the  toe,  while 
the  other  attends  to  the  wound. 
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The  operations  included  in  this  chapter  will  be  dealt  Avith 
in  the  following  order : — 

A.  Amputation  of  the  distal  phalanges. 

B.  Disarticulation  at  the  metatarso-phalangeal  joints, 
c.  Amputation  of  the  toes  en  masse  through  the 

metatarsus. 

A. — AMPUTATION  OR  DISARTICULATION  OF  THE  DI-STAL 
PHALANGES  OF  THE  TOES. 

1.  Disarticulation  of  the  Last  Phalanx  of  the  Great  Toe. 

— Large  Plantar  Flap. — Hold  the  toe  between  the  thumb  and 
first  two  fingers  of  the  left  hand— the  thumb  on  the  pulp  of 
the  toe,  the  fingers  on  the  nail. 
Cut  the  plantar  flap  as  the  toe  ^^—^Z-:^'" 
is  thus  held.    Enter  the  loiife — 
at  right  angles  to  the  surface — 
just  over  the  head  of  the  first 
phalanx.    Cut  along  the  side  of 
the  toe  to  the  pulp.    This  in-    Fig-  99.— disakticul.a.tion  of  the 

,  ^  n   1    ,       ,1  LAST    PHALANX     OF    THK  GREAT 

cision  should  be  parallel  to  tne      toe  by  a  large  plaktak  flap. 
phalanx,  and  nearer  to  the  dorsal 

than  the  plantar  aspect.  Shape  the  flap  as  shoAvn  (Fig.  99) 
and  return  to  the  same  point  on  the  opposite  side.  The  in- 
cision should  extend  doAvn  to  the  bone. 

Let  the  assistant  forcibly  extend  *  the  last  plialanx  wliile 
the  flap  is  dissected  back,  it  being  held  by  the  left  hand 
while  so  doing.  In  making  this  flap  the  surgeon  must  keep 
as  close  as  possible  to  the  bone.  When  the  glenoid  ligament 
is  reached,  cut  it  transversely  against  the  base  of  the  last 
phalanx.    The  joint  is  thus  opened. 

Now  let  the  surgeon  forcibly  flex  the  toe  and  make  a 
transverse  cut  across  the  dorsum  that  at  once  divides  the 
extensor  tendon  and  opens  the  joint.  Rotate  the  toe  out, 
and  carefully  divide  the  internal  lateral  ligament.  Rotate  it 
in  and  divide  the  external  band,  and  the  disarticulation  is 

*  To  avoid  confusion  of  terms  this  note  may  be  given  :  Flexion  of  a  toe— the 
bending  of  the  toe  towards  the  sole—  action  of  the  flexor  muscles.  Flexion  of 
the  foot=tho  bending  of  the  foot  at  the  ankle  so  that  the  toes  are  brought  nearer 
to  the  shin — action  of  extensor  muscles. 
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complete.  In  disarticulating,  keep  tlie  knife  very  close  to  the 
bone,  so  as  to  avoid  wounding  the  plantar  digital  arteries. 
Cut  the  lateral  ligaments  from  without  inwards.  The  cicatrix 
of  the  stumjj  will  come  well  on  the  dorsum. 

The  long  plantar  flap  should  not  be  cut  by  transfixion. 
By  so  doing  the  vessels  are  needlessly  damaged  and  the  flap 
is  apt  to  be  scanty.  If,  on  the  other  hand,  too  large  a  flap 
be  cut,  a  pocket  is  made  for  pus. 

Hcemo7'rhage. — The  two  dorsal  digital  arteries  will  be  cut 
at  the  corners  of  the  dorsal  incision.  They  are  small,  and 
usually  do  not  need  to  be  secured.  If  the  flap  has  been  well 
cut,  the  two  plantar  digital  arteries  will  not  be  woimded,  but 
will  he  buried  in  the  flap  until  they  anastomose  at  its  free 
end.  They  may  readily  be  cut  if  in  dissecting  the  flap  back 
the  knife  is  not  kept  close  to  the  bone.  They  also  lie  near  to 
the  sides  of  the  joint  (plantar  aspect)  and  may  be  easily 
wounded  in  careless  disarticulation. 

In  amputation  ilcrougk  the  lad  2^Ji(danx  of  the  great  toe 
the  same  operation  should  be  employed,  the  dorsal  incision 
being  made  nearer  the  nail.  It  should  be  a  rule  that  no 
more  of  the  great  toe  should  be  removed  than  is  absolutely 
necessary.  An  endeavour  should  be  made,  when  possible,  to 
spare  the  base  of  the  second  phalanx.  By  so  doing  the  joint 
is  undisturbed,  and  the  insertions  of  the  flexor  and  extensor 
tendons  are  saved. 

2.  Amputation  or  Disarticulation  of  the  Distal  Phalanges 
of  the  Four  Outer  Toes. — In  operating  upon  the  smaller  toes 
the  neighbouring  digits  should  be  held  aside  by  the  assistant 
by  means  of  tapes.    It  is  well  not  to  use  too  long  a  scalpel. 

The  terminal  phalanges  may  be  removed  by  the  operation 
just  described. 

In  dimrticulation  of  the  second  phalanx  use  the  oval  or 
racket  incision.  Grasp  the  too  with  the  left  hand  and 
flex  it.  Enter  the  knife  1  cm.  above  the  joint  and  in  the 
median  dorsal  line.  Continue  the  incision — which  should  be 
only  skin-deep— along  to  the  middle  "of  the  second  phalanx. 
Now  curve  it  down  to  the  plantar  margin,  cutting  to  the  bone. 
Forcibly  extend  the  too  and  draw  the  knife  transversely 
across  its  plantar  aspect.  Still  cut  to  the  bone,  and  so  make  a 
good  division  of  the  flexor  tendon.    Cut  up  on  the  opposite 
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side  of  the  toe  to  meet  tlie  straight  dorsal  incision  (Fig.  100,  a). 

In  this  step  cut  also  to  the  bone. 

Now  let  the  assistant  forcibly  extend  the  toe ;  dissect  up 

the  lateral  and  plantar  parts  of  the  cut ;  divide  the  glenoid 

ligament  transversely  against  the  base  of  the  second  phalanx 

and  thus  open  the  joint.  Then 

divide  the  lateral  ligaments,  and 

nothing  will  retain  the  toe  but 

the  extensor  tendon.    Pull  upon 

the  toe  and  divide  this  tendon 

as  high  up  as  convenient.  Close 

the  sheath  of  the  flexor  tendon 

(page  322).    The  cicatrix  will  be 

vertical,  i.e.,  dorso-plantar. 

Hcemorrhage.  —  Two  dorsal 

and  two  plantar  digital  arteries 

are  found  cut  in  the  lateral 
edges  of  the  wound.  The  dorsal 
will  require  no  attention,  the 
latter  may  be  twisted. 

In.  amputation  through  the  first  phalanx  employ  the 
circular  method.  Make  a  circular  cut  round  the  phalanx 
at  the  level  of  the  web ;  cut  to  the  bone.  As  the  knife  crosser 
the  dorsum,  flex  the  toe  so  as  to  cut  the  extensor  tendon 
short.  As  the  scalpel  crosses  the  plantar  aspect,  extend  the 
digit  to  its  utmost.  Separate  the  soft  parts  from  the  phalanx 
as  high  up  as  possible,  and  divide  the  bone.  Close  the  sheath 
of  the  flexor  tendon  (page  322).  The  vessels  are  cut  as  in  the 
last  instance.  The  cicatrix  should  be  vertical,  i.e.,  dorso- 
plantar.  Amputation  through  the  first  phalanx  may  also  be 
effected  by  tivo  lateral  flaps  of  equal  size  cut  by  transfixion 
with  a  narrow  bistoury. 

Comment. — The  phalanges  of  the  four  outer  toes  are  of 
little  use  ;  their  absence  is  usually  not  unpleasantly  felt. 

In  disarticulating  the  second  phalanx,  I  should  remove 
the  head  of  the  first  phalanx,  or  replace  the  operation  by  an 
amputation  through  the  latter  bone  at  the  level  of  the  Aveb. 
The  head  of  the  first  phalanx  is  large,  and  is  apt  to  play  the 
part  of  a  foreign  body  between  the  other  toes  when  it  is  left. 
Its  removal  is  no  detriment  to  the  use  of  the  foot. 


Fig.  100. — A,  Disarticulation  of  the 
second  phalanx  of  a  toe  by  the 
racket  or  oval  incision ;  B,  Dis- 
articulation of  the  great  toe  by 
the  racket  or  oval  injition. 
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As  has  been  observed  elsewhere  (page  306),  the  bone  should 
be  divided  by  a  very  fine  saw  rather  than  crushed  by  forceps. 

For  the  treatment  of  the  tendon-sheaths  in  some  of  these 
amputations,  see  page  322. 

B. — DISARTICULATION   AT   THE  METATARSO-PHALANGEAL 

JOINTS. 

1.  Disarticulation  of  the  Great  Toe  at  the  Metatarso- 
phalangeal Joint. 

In  this  operation  notice  must  be  taken  of  the  very  large 
size  of  the  head  of  the  metatarsal  bone.    Its  dimensions  are 
increased  by  the  presence  of  the  sesamoid  bones,  which 
should  never  be  removed  with  the  phalanx.    It  is  of  con- 
siderable importance  to  the  future  use  of 
the  foot  that  the  head  of  the  metatarsal 
bone  should  be  preserved,  and  it  wiU  be 
seen  that  the  chief  difficulty  of  the  opera- 
tion is  to  provide  flap  enough  to  cover  the 
projection.     It  is  important  also  that  the 
scar   should  be  away  from  the  plantar 
surface    and  the  line  of    the  sesamoid 
bones. 

The  joint  can  be  readily  made  out  by 
manipulation,  especially  on  the  inner  aspect 
of  the  foot.  It  is  placed  about  an  inch 
behind  the  web.  The  projection  of  the 
sesamoids  can  also  very  easily  be  defined. 

The  following  are  the  chief  methods  of 
operation : — 

(1)  By  Internal  Plantar  Flap  (Farabeuf). — The  surgeon 
sits  to  the  front  and  the  imier  side  of  the  foot.  The  four  sur- 
faces of  the  digit — dorsal,  plantar,  internal,  and  external — 
should  be  noted  and  conceived  to  be  each  of  equal  extent.  The 
joint-line  is  made  out,  and  the  toe  being  grasped  with  the  left 
hand,  the  knife  is  entered  over  that  Hne  and  at  a  point 
where  the  dorsal  and  internal  surfaces  meet.  An  incision, 
2  cm.  in  length,  is  made  along  the  toe,  parallel  to  the  ex- 
tensor tendon  and  on  the  line  between  the  two  surfaces 
named.  It  is  then  curved  downwards  over  the  inner  surface 
to  the  plantar  margin  (Fig.  101).    The  toe  is  now  turned  in, 


Fig.  101.— DISARTIC- 
ULATION OF  THE 
GREAT  TOE  BY  IN- 
TERNAL PLANTAR 
FLAP. 
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and  the  knife,  placed  beneath  the  member,  is  drawn  across 
the  plantar  surface  to  the  edge  of  the  Aveb  between  the  toes. 
The  knife  is  now  held  above  the  toe,  and  the  incision  com- 
pleted by  a  cut  to  the  point  of  starting,  made  by  the  shortest 
route.  The  whole  of  this  incision  should  involve  the  skin 
only. 

It  should  now  be  deepened  down  to  the  bone  in  the  same 
order.  In  drawing  the  Icnife  across  the  plantar  surface,  extend 
the  toe,  so  as  to  cut  the  flexor  tendon  high  up.  Dissect  back 
the  flap,  keeping  close  to  the  bone.  In  so 
doing,  the  assistant  should  hold  the  toe  and 
turn  it  to  one  or  other  side  as  required, 
while  the  surgeon  uses  his  left  fingers  to 
turn  back  the  soft  parts.  Separate  the 
tissues  about  the  point  of  startmg ;  clear 
the  soft  parts  from  the  surface  of  the  joint. 
Forcibly  extend  the  toe,  and  cut  the  glenoid 
ligament  transversely  close  to  the  base  of 
the  phalanx.  The  joint  is  thus  opened ; 
the  ligament,  with  the  sesamoid  bones, 
remains  behind.  Divide  the  lateral  liga- 
ments, and  finally  cut  the  extensor  tendon. 
Close  the  fibrous  sheath  for  the  flexor 
tendon  (page  322). 

HcBmorrhage. — The  outer  plantar  digi- 
tal artery  will  be  found  cut  close  to  the  web,  the  inner  vessel 
at  the  free  end  of  the  inner  flap.  The  dorsal  digital  vessels 
Avill  probably  not  need  to  be  secured. 

The  flap  is  adjusted  as  shown  (Fig.  102). 

(2)  By  Racket  or  Oval  Incision. — The  toe  is  grasped 
by  the  left  hand.  .  The  knife  is  entered  about  1  cm. 
above  the  metatarso-phalangeal  joint  in  the  dorsal  median 
line.  It  is  continued  down  to  the  centre  of  the  first  phalanx, 
and  when  carried  round  the  toe  to  form  the  racket  should 
just  avoid  the  web  (Fig.  100,  b).  The  proceeding,  is  identical 
with  that  described  in  disarticulation  of  the  second  phalanx 
(page  406).  The  joint  should  be  opened  from  below,  through 
the  glenoid  ligament. 

The  fibrous  sheath  for  the  flexor  tendon  is  closed  (page  322). 

In  disarticulating,  the  toe  should  be  manipulated  by  the 


Fig.  102. — DISAETICU- 
LATION  OF  THE 
GEEAT  TOE  BT  IN- 
TERNAL PLANTAE 
FLAP  :  THE  EESUIT- 

iNG  STtnttP.  (Fara- 
heitf.) 
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assistant,  while  the  surgeon  holds  back  the  soft  parts  with 
his  left  fingers.  The  toe  should  be  turned  and  twisted  to  the 
inner  side  when  dividing  the  outer  lateral  ligament,  and  to 
the  outer  side  when  dividing  the  inner  one.  In  dissecting 
back  the  flap,  it  is  well  to  keep  close  to  the  bone,  so  as  to 
avoid  injury  to  the  digital  vessels. 

In  disarticulating,  also,  care  must  be  taken  to  keep  close  to 
the  phalanx  and  to  cut  towards  the  bone ;  the  soft  parts  must 
be  well  dissected  back  and  the  ligaments  exposed.   If  such  care 
be  not  taken,  the  plantar  digital  arteries — which  lie  close  to 
the  joint — will  be  divided.    The  cicatrix  comes 
over  the  head  of  the  bone  and  is  vertical  to 
the  sole. 

The  digital  arteries  will  be  found  divided 
at  the  free  margin  of  the  flap  on  either  side. 

(3)  By  Internal  Flap. — The  surgeon  grasps 
the  toe  with  the  left  hand.  The  incision  is 
commenced  on  the  dorsal  aspect,  about  2  m.m. 
below  the  joint-line  and  just  to  the  outside 
of  the  extensor  tendon.  It  is  continued 
straight  doAvn  the  dorsum  of  the  toe  to  the 
level  of  the  interphalangeal  joint.  From  this 
point  a  transverse  cut  is  made  across  the 
dorsal,  internal,  and  plantar  aspects  of  the  toe 
to  the  outer  border  of  the  flexor  tendon  (Fig. 
103).  The  incision  is  now  carried  back  to  the  web  along  the 
outer  margin  of  this  tendon.  From  the  web  a  transverse  cut 
is  made  across  the  external  and  dorsal  surfaces  to  meet  the 
dorsal  incision,  which  it  joins  about  its  centre.  The  whole  of 
this  incision  should  at  first  involve  the  skin  only. 

The  internal  flap  is  now  dissected  up  from  below  upwards. 
The  knife  must  be  kept  close  to  the  bone.  The  extensor 
tendon  is  exposed  and  cut  over  the  joint-line  while  the  toe  is 
being  flexed.  The  joint  is  thus  opened,  the  lateral  ligaments 
are  cut,  and  a  final  plantar  incision — made  while  the  toe  is 
extended  to  the  utmost — divides  the  flexor  tendon  and  the 
glenoid  ligament.  Close  the  fibrous  sheath  of  the  flexor 
tendon  (page  322.) 

The  outer  digital  vessels  are  cut  close  to  the  web,  and  the 
inner  in  the  free  edge  of  the  inner  flap. 


Fig.  103. — niSAE- 

TICULATION"  OF 
THE  GEEAT  TOE 
BY  INTEENAL 
FLAP. 
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The  flaps  need  not  be  cut  quite  so  square  as  is  shown. 

The  cicatrix  comes  well  to  the  outer  side,  close  to  the  web, 
and  under  cover  of  the  second  toe. 

Comment. — Of  these  three  operations,  the  first  described 
is  undoubtedly  the  best.  The  cicatrix  is  out  of  the  line  of 
pressure  and  is  well  protected,  while  the  adjustment  of  the 
wound  is  such  that  excellent  drainage  is  permitted.  In  the 
oval  operation  the  cicatrix  comes  directly  over  the  head  of 
the  bone.  Good  drainage  is,  hoAvever,  permitted,  and  the 
operation  is  very  easily  carried  out.  It  may  claim  perhaps  to 
be  the  most  ready  of  the  three  procedures. 

The  disarticulation  by  internal  flap  is  not  so  convenient. 
The  flap  is  not  readily  made  and  is  a  little  clumsy;  the 
cicatrix,  however,  is  well  placed. 

In  all  these  disarticulations  great  care  must  be  taken  not 
to  cut  the  digital  arteries,  as  is  so  readily  done  in  clearing 
the  bones.  The  toe  has  no  other  source  of  blood-supply,  and 
if  the  vessels  are  cut  it  is  little  wonder  that  the  flaps  slough 
or  are  slow  in  healing.  The  artery  should  run  the  fuU  length 
of  the  flap. 

When  possible,  the  base  of  the  first  phalanx  of  the 
toe  should  be  saved,  on  account  of  the  important  series 
of  muscles  to  Avhich  it  gives  attachment  (abductor  and  ad- 
ductor pollicis,  flexor  brevis  poUicis,  and  transversus  pedis). 
Although  these  muscles  can  no  longer  act  upon  the  toe,  they 
are  of  value  in  maintaining  the  strength  of  the  sole. 

The  skin  in  this  region  is  often  much  thickened,  and  is 
consequently  vmyielding,  and  in  adjusting  flaps  care  must  be 
taken  that  too  much  strain  does  not  come  upon  the  sutures. 

2.  Disarticulation  of  the  Outer  Toes  at  the  Metatarso- 
phalangeal Joints. 

The  best  operation  is  that  by  the  oval  or  racket  incision 
already  described  (pages  329,  409).  Care  must  be  taken  that 
the  toes  on  either  side  of  the  one  to  be  removed  are  held  apart 
by  tapes  by  the  assistant. 

In  disarticulating  the  little  toe,  the  clorso-external  flap 
advised  by  Farabeuf  will  be  certainly  found  to  give  the  most 
convenient  stump.  Its  application,  however,  in  practice  must 
be  exceedingly  limited. 

The  knife  is  entered  on  the  dorsum,  just  below  the  joint, 
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and  to  the  inner  side  of  the  extensor  tendon.  The  incision 
follows  the  inner  edge  of  the  tendon  for  the  whole  length  of 
the  first  phalanx.  It  is  then  inclined  outwards  across  the 
outer  aspect  of  the  toe,  and  carried  back  to  the  level  of  the 
web.  By  this  means  a  U-shaped  flap,  with  unequal  limbs, 
is  formed  from  the  structures  on  the  dorsal  and  external 
surfaces.  The  two  extremities  of  the  U  are  now  united  by  a 
cut  which  crosses  the  plantar  and  internal  aspects  of  the  toe, 
and  joins  the  dorsal  incision  by  the  shortest  route. 

The  cicatrix  that  results  from  this 
amputation  is  removed  from  pressure. 
It  lies  well  to  the  inner  side,  and  is 
protected  by  the  fourth  toe  (Fig.  104). 

The  importance  of  closing  the  tendon- 
sheaths  has  been  discussed  on  page  S2'2. 

8.  Disarticulation  of  the  Toes  en 
masse  at  the  Metatarso-Phalangeal 
Joints. 

This  is  best  effected  by  short  dorsal 
and  plantar  flaps. 

The  operator  should  sit  at  the  end 
of  the  table,  facing  the  foot,  Avhich 
should  project  some  way  beyond  the 
extremity  of  the  table, 
metatarso-phalangeal  joints  must  be 

The  chief  difficulty  in  the  operation  is  to  provide  a  suffi- 
cient covering  for  the  large  head  of  the  first  metatarsal  bone. 

Supposing  the  left  foot  to  be  the  one  dealt  with,  the 
operator  grasps  the  toes  Avith  the  left  hand,  his  thumb  being 
on  the  dorsum  and  his  fingers  on  the  plantar  surface.  The 
foot  is  turned  out,  and  the  knife  is  entered  just  over  the 
metatarso-phalangeal  joint  of  the  great  toe.  The  point  of 
entrance  should  be  midway  between  the  plantar  and  dorsal 
surfaces.  An  incision  is  now  made  from  this  point  along  the 
inner  side  of  the  foot.  It  is  longitudinal,  and  is  carried  as  far 
as  the  centre  of  the  first  phalanx. 

The  foot  is  now  extended  and  the  toes  are  gently  flexed,* 
while  the  incision  is  carried  abruptly  across  the  dorsum. 

*  See  foot-note,  page  405. 


Pig.  104.— DISARTICULATION 
OF  THE  LITTLE  TOE  BY 
DOESO- EXTERNAL  FLAP  : 
THE    RESULTING  STUMP. 

{Faraheuf.) 


The  line  of  the 
defined  (page  403). 
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The  cut  crosses  the  centre  of  the  first  phalanx  of  the  great 
toe  transversely,  and  then  follows  the  Hne  of  the  web. 

To  follow  the  hollows  between  the  toes,  the  operator  must 
separate  each  pair  a  little  with  his  left  fingers  as  he  proceeds. 
On  reaching  the  dorsum  of  the  httle  toe,  the  incision  is 
carried  longitudinally  back  along  the  lateral  margin  of  the 
httle  toe  to  the  level  of  the  metatarso-phalangeal  joint. 

This  incision  may  in  the  first  instance  involve  the  skin 
only.  The  dorsal  flap  thus  marked  out  must  be  dissected 
back.  The  assistant  takes  charge  of  the  toes,  which  he  keeps 
flexed ;  the  surgeon  has  his  left  hand  free  to  manipulate  the 
flap.  The  flap  should  contain  all  the  soft  parts  down  to  the 
extensor  tendons.  When  about  half  the  flap  has  been  dis- 
sected back  these  tendons  should  be  divided.  Before  each 
one  is  cut  the  corresponding  toe  should  be  flexed  to  its 
utmost  by  the  assistant.  The  flap  is  carried  back  until  the 
line  of  joints  is  exposed. 

The  plantar  flap  is  now  cut.  The  toes  are  held  in  the 
extended  posture  by  the  surgeon,  his  thumb  being  on  the 
plantar  aspect  and  his  fingers  on  the  dorsum. 

The  incision  is  simply  transverse,  and  joins  the  distal  ends 
of  the  two  lateral  incisions.  It  is  so  carried  across  the  foot 
as  to  follow  the  creases  which  separate  the  toes  from  the  sole. 
The  incision  should  extend  to  the  flexor  tendons.  The  flap 
is.  dissected  back,  the  assistant  keeping  the  toes  extended. 
When  the  flap  is  about  half  made,  the  flexor  tendons  may  be 
divided,  and  the  whole  of  the  soft  parts  are  then  dissected 
back  to  the  line  of  joints. 

The  flaps  should  be  now  sufficiently  retracted  to  well 
expose  this  line.  The  articulations  having  been  opened  on 
the  dorsal  aspect,  the  lateral  ligament  of  the  first  joint  is 
divided;  the  toes  are  then  extended  fully,  and  the  line  of 
articulations  finally  opened  from  the  plantar  aspect.  The 
glenoid  hgaments  are  preserved.  The  disarticulation  should 
then  be  completed,  joint  by  joint,  in  the  left  foot,  from  the 
inner  to  the  outer  side.  In  the  right  foot  the  incisions  are 
commenced  at  the  outer  side,  and  the  disarticulation  is  begun 
at  the  joint  of  the  little  toe. 

The  sheaths  of  the  flexor  tendons  should  be  closed. 
Hoimorrhage. — The  plantar  digital  arteries  will  be  found 
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divided  some  way  down  on  the  plantar  flap,  and  the  dorsal 
digital  at  about  the  same  place  on  the  dorsal  flap. 
The  latter  will  probably  not  need  to  be  secured. 
Comvient. — This  is  a  dead-house  operation,  and  one  that 
can  scarcely  ever  be  required  in  the  living  subject.  It  may 
be  called  for  in  some  very  limited  cases  of  crushed  toes,  and 
possibly  in  some  instances  of  frost-bite. 

By  some  it  is  advised  that  the  line  of  articulations  be 
opened  by  one  sweep  ("  by  a  sawing  movement ")  after  the 
flajDs  have  been  cut.  Such  a  manoeuvre  woidd  be  rapid,  but 
at  the  same  time  cknns}^,  and  calculated  to  damage  the  flaps 
and  the  heads  of  the  bones. 

Dubrucil  advises  a  more  or  less  circular  incision,  and  cuts 
a  U-shaped  flap  from  the  inner  side  of  the  great  toe  in  order 

that  the  head  of  the  first  metatarsal 
bone  may  be  effectually  covered  (Fig. 
105). 

C. — AMPUTATION  OF  THE  TOES  EN  MASSE 
THROUGH  THE  METATARSUS. 

This  operation  is  carried  out  ujDon 
the  same  principles  as  that  just  de- 
scribed. 

The  best  procedure  is  that  of  a 
long  plantar  fjip.  The  foot  should 
project  be3^ond  the  end  of  the  table, 
and  the  surgeon  should  sit  facing  it. 
The  points  at  which  the  bones  are  to 
be  sawn  must  be  first  determined.  The 
saw-line  must  be  oblique,  so  as  to 
follow  the  natural  line  of  the  metatarsal 
bones;  i.e.,  the  section  of  the  fifth  metatarsal  must  be  posterior 
to  the  section  of  the  first  metatarsal.  The  saw-cut,  in  fact, 
should  be  about  parallel  with  the  line  of  the  web.  The 
plantar  flap  may  be  cut  first.  This  is  done  with  the  foot 
well  flexed.* 

Assuming  the  left  foot  to  be  the  one  operated  on,  the  knife 
is  entered  at  the  inner  margin  of  the  foot,  midway  between 
the  dorsal  and  plantar  surfaces.     The  point  of  entrance  is 

*  Sec  foot-note,  page  405. 
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OPEEATION  FOB  THE  BE- 
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over  the  first  metatarsal,  and  is  just  behind  the  point  at  which 
that  bone  is  to  be  divided.  The  incision  is  carried  along 
the  side  of  the  foot  until  the  level  of  the  crease  that 
separates  the  great  toe  from  the  sole  is  reached.  It  is  now 
made  to  sweep  across  the  plantar  surface  just  behind  the 
web.  On  reaching  the  outer  surface  of  the  little  toe,  the 
incision  is  carried  back  along  the  margin  of  the  foot  until  a 
point  is  reached  just  posterior  to  the  spot  selected  for  the  sec- 
tion of  the  fifth  metatarsal  bone.  In  making  this  plantar  inci- 
sion the  surgeon  should  kee23  the  foot  rigid  with  his  left  hand, 
and  at  first  the  cut  should  be  through  the  skin  only.  An 
assistant  now  takes  the  foot  and  keeps  it  well  flexed  at  the 
ankle,  Avhile  the  surgeon  uses  his  left  fingers  to  aid  in  dissect- 
ing back  the  flap.  The  flexor  tendons  should  be  divided  as 
soon  as  the  separation  of  the  flap  has  been  well  commenced. 
While  they  are  being  cut  the  individual  toes  must  be  fully  ex- 
tended. 

The  plantar  flap  should  contain  all  the  soft  parts  down  to 
the  bone. 

The  foot  having  been  extended,  the  dorsal  incision  is 
made.  It  should  be  parallel  with  the  plantar  cut,  and  should 
join  the  lateral  parts  of  the  plantar  flap  about  one  mch 
from  their  points  of  commencement.  In  other  words,  this 
little  flap  is  about  one  inch  in  length.  The  flap  must  include 
all  the  soft  parts  down  to  the  bone.  The  extensor  tendons 
should  be  divided  when  the  flap  is  about  half  separated. 

In  dividing  the  bones,  the  plantar  flap  should  be  carefully 
protected  by  an  ivory  spatula.  Each  bone  should  be  sawn 
separately  from  the  dorsal  aspect  with  a  fine  narrow  saw. 
The  rude  crushing  of  the  bones  with  cutting  forceps  is  not 
to  be  advised. 

It  is  to  be  remembered  that  the  shafts  of  the  metatarsal 
bones  are  embraced  by  the  interossei  muscles.  These  must 
be  cleanly  divided  before  the  saw  is  applied. 

The  cicatrix  comes  upon  the  dorsum  of  the  foot. 

Hcemorrhage. — In  the  plantar  flap  six  arteries  (the  digital) 
may  possibly  require  to  be  secured.  One  will  be  found  oppo- 
site to  each  of  the  four  interosseous  spaces,  a  fifth  opposite 
the  outer  side  of  the  fifth  metatarsal,  and  a  sixth  opposite 
the  inner  side  of  the- first  metatarsal.    The  two  latter  vessels 
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may  not  require  to  be  secured.  The  largest  vessel  is  that 
opposite  the  first  interosseous  space. 

Vessels  similarly  placed  will  be  divided  in  the  dorsal  flap. 
Probably  none  will  require  attention  except  the  artery  (the 
first  dorsal  interosseous)  that  is  cut  opposite  the  gap  between 
the  first  and  second  metatarsal  bones. 

Comment. — This  is  a  very  useful  amputation  in  cases  of 
crush  of  the  toes,  and  in  limited  gangrene  from  frost-bite,  etc. 
If  the  tissues  in  the  sole  are  damaged,  the  dorsal  and  plantar 
flaps  may  be  of  equal  size.  A  single  dorsal  flap  should  be 
avoided.  Pezerat  advised  three  flaps — one  from  the  dorsum, 
one  from  the  sole,  and  one  from  the  inner  margin  of  the 
foot. 

THE  AFTEE-TREATMENT  OF  AMPUTATIONS  OF  THE  TOES. 

It  must  be  confessed  that  the  wounds  of  these  operations 
do  not  always  heal  so  kindly  as  may  be  expected,  and  often 
compare  unfavourably  with  like  wounds  in  the  hand.  In 
many  cases  this  is  due  to  the  fact  that  the  operation  is  an 
imperfect  one — a  mere  trimming  of  a  mangled  part — and  is 
the  outcome  of  a  desire  to  remove  as  little  tissue  as  possible. 

The  less  easy  circulation  of  the  part,  and  the  circumstance 
that  the  wound  is  less  conveniently  placed  for  drainage,  serve 
to  some  extent  to  explain  the  tardier  healmg  when  compared 
with  operation  Abounds  of  the  fingers. 

The  limb  should  be  kept  out  in  the  open  air,  for  reasons 
already  detailed  (page  69).  The  leg  should  be  a  little  raised 
upon  a  pillow,  and  the  patient  should  lie  so  that  the  foot  can 
rest  upon  one  or  other  side.  When  the  patient  lies  flat  on  the 
back,  the  toes  point  upwards,  drainage  is  rendered  almost  im- 
possible, and  every  facility  is  given  for  the  gravitation  of  the 
discharges  of  tjie  wound  into  the  depths  of  the  foot.  If  the 
flaps  have  been  so  carelessly  cut  as  to  involve  some  sloughing, 
if  the  tendon-sheaths  have  been  left  open,  if  the  wound  is 
loosely  dressed  and  exposed  to  the  vitiated  atmosphere  under 
the  bed-clothes,  and  if  the  foot  is  so  placed  that  proper  drain- 
age is  impossible,  it  is  no  matter  for  wonder  that  the  stump 
does  not  do  well,  and  that  deep-seated  suppuration  is  detected 
in  the  foot. 

All  tight  bandages  should  be  avoided. 
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As  the  skin  of  plantar  flaps  is  usually  thick  and  stiff, 
sutures  should  be  so  applied  as  to  retain  a  good  hold  of  the 
parts.  They  should  not  be  removed  too  soon,  as  the  flap  may 
give  way.  Silkworm-gut  sutures  may  often  be  left  in  for  ten 
or  even  fourteen  days. 

Portions  of  divided  tendons  may  slough,  and  a  watch  should 
be  kept  for  signs  of  inflammation  along  the  lines  of  those 
tendons. 

The  smaller  amputations  require  no  drainage-tube.  In 
operations  upon  the  great  toe,  a  tine  tube,  or  a  tube  split  in 
halves,  may  be  retained  lor  the  first  twenty-four  hours. 
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CHAPTER  XXIII. 
Partial  Amputation  of  the  Foot. 

ami>utati()ns  through  the  tarso-metatarsal  joints. 

These  operations  consist  in  the  removal  of  single  toes,  with 
their  respective  metatarsal  bones,  and  in  the  removal  of  the 
whole  of  the  metatarsus  by  Lisfranc's  and  Hey's  operations. 

The  amputation  of  a  single  toe,  together  with  the  whole  of 
its  metatarsal  bone,  is  an  operation  of  little  practical  utility. 
It  may  possibly  be  of  service  in  some  very  limited  and  rare 
forms  of  disease,  and  it  is  conceivable  that  it  may  be  called 
for  in  some  exceptional  accidents.  The  occasions,  however, 
must  be  peculiarly  uncommon.  The  great  toe  and  the  little 
toe  are  the  ones  most  likely  to  afford  material  for  this 
operation.  The  elaborate  procedures  described  by  French 
authors  for  the  disarticulation  of  the  second  or  the  third  or 
the  fourth  toe,  together  with  its  metatarsal  bone,  are  purely 
dead-house  operations.  To  the  student  the  performance  of 
these  disarticulations  is  of  service  as  affordmg  a  training  for 
the  more  ready  carrying  out  of  Lisfranc's  operation. 

Anatomical  Points. — The  following  account  is  derived  from 
Mr.  Henry  Morris's  valuable  work  on  "  The  Anatom}'-  of  the 
Joints."  There  may  be  said  to  be  three  separate  joints 
between  the  tarsus  and  metatarsus.  First,  the  joint  between  the 
internal  cuneiform  bone  and  the  first  metatarsal ;  second,  that 
between  the  three  cuneiforms  and  the  second  and  third  meta- 
tarsals ;  and  third,  the  joint  between  the  cuboid  and  the  fourth 
and  iifth  metatarsal  bones.  Looked  at  as  a  whole,  the  union 
of  the  tarsus  with  the  metatarsus  is  very  uneven,  owing  to  the 
backward  projection  of  the  second,  fourth,  and  fifth  bones 
behind  the  line  of  the  third,  and  the  forward  position  of  the 
first,  which  articulates  with  the  inner  cuneiform  nearly  half  an 
inch  in  advance  of  the  second,  and  about  a  quarter  of  an  inch 
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in  front  of  the  third  metatarsal  bone,  where  they  articulate  with 
the  middle  and  outer  cuneiforms  respectively.  The  second 
metatarsal  is  let  back  into  a  space  between  the  three  cuneiform 
bones.  The  three  outer  metatarsals  are  placed  pretty  evenly 
in  a  line  having  a  gentle  curve,  with  its  convexity  towards  the 
phalanges  (Fig.  lOG). 

The  In  ner  Tarso- Metatarsal  Joint. — The  internal  cuneiform 
bone  presents  a  large,  nearly  flat,  kidney-shaped,  articular 
surface,  inclined  a  little  inwards.  Its 
long  axis  is  vertical,  and  measures  one 
inch.  Its  breadth  is  half  an  inch  (Fig. 
107).  The  facet  on  the  tirst  metatarsal 
is  of  the  same  general  shape.  This  bone 
is  connected  with  the  inner  cuneiform  by 
a  complete  capsule,  the  fibres  of  which 
are  very  thick  on  the  under  and  inner 
aspects.  •  Those  on  the  outer  side  pass 
from  behind  forwards  in  the  interval 
between  the  interosseous  ligaments 
which  connect  these  two  bones  with  the 
second  metatarsal.  The  plantar  ligament 
is  by  far  the  strongest. 

TJte  Middle  Tarso-Metatarsal  Joint. 
— The  facets  on  the  middle  and  ex- 
ternal cuneiforms  are  flat  and  triangular, 
with  their  bases  at  the  dorsum.  Each  measures  about  three- 
quarters  of  an  inch  vertically,  and  the  width  of  its  base  is 
about  half  an  inch  (Fig.  107).  Lateral  facets  on  the  inner  and 
outer  cuneiform  bones  articulate  with  like  facets  on  the  sides 
of  the  base  of  the  second  metatarsal.  The  posterior  facets  on 
the  second  and  third  metatarsals  correspond  in  size  and  shape 
with  those  on  the  two  middle  cuneiforms. 

The  ligaments  of  the  joints  are  the  following: — Dorsal: 
between  the  bases  of  the  two  metatarsals  and  the  three 
cuneiform  bones.  Plantar :  a  strong  ligament  between  the 
inner  cuneiform  and  the  second  and  third  metatarsals,  and 
slender  ligaments  between  the  middle  cuneiform  and  the 
second  metatarsal,  and  the  outer  cuneiform  and  the  third 
bone.  Interosseous :  the  middle  portion  of  the  tarso-meta- 
tarsal  joint  is  shut  ott'  from  the  inner  portion  by  a  very  strong 
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A  A,  Line  of  Lisfranc's  am- 
putation. 
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interosseous  ligcainent  (the  ligament  of  Lisfranc),  which.extends 
between  the  outer  surface  of  the  first  cuneiforui  and  the 
inner  surface  of  the  base  of  the  second  metatarsal.  A  second 
band  runs  from  the  external  cuneiform  to  the  third  and  fourth 
metatarsals,  and  shuts  in  the  joint  on  its  outer  side. 

Tlte  C  aho-metd  tarsa  I 
Joint. — The  cuboid  looks 
forwards  and  outwards,  and 
presents  two  unequal  facets, 
which  articulate  with  like 
facets  on  the  fourth  and  fifth 
metatarsal  bones  (Fig.  107). 
Dorsal  and  plantar  liga- 
ments pass  between  the 
cuboid  and  the  two  bones, 
while  the  interosseous  liofa- 
ment  just  named  shuts  off 
the  joint  on  its  inner  side. 

The  synovial  memhrana 
of  the  inner  articulation  is 
single,  and  se^sarated  from 
all  the  other  tarso-metatarsal 
joints.  That  of  the  middle 
articulation  is  an  extension  forwards  from  the  synovial  mem- 
brane of  the  scapho-cuneiform  and  outer  cuneiform  articula- 
tions, while  the  synovial  membrane  of  the  cubo-metatarsal 
joint  is  special  to  that  articulation  and  to  the  joint  between 
the  bases  of  the  fourth  and  fifth  metatarsal  bones. 

Each  metatarsal  bone  has  one  eiyiphysift,  which  is  placed 
at  the  distal  extremity  of  the  four  outer  bones  (and  forms 
the  head),  and  at  the  proximal  end  of  the  metatai'sal  of  the 
great  toe,  of  which  it  forms  the  base.  The  epiphyses  join  the 
shafts  between  eighteen  and  twenty. 

The  following  attachments  of  tendons  may  be  noted  : — To 
the  base  of  the  first  metatarsal  bone  the  peroneus  longus  and 
part  of  the  tibialis  anticus  ;  to  the  base  of  the  fifth  metatarsal 
the  peroneus  brevis  and  peroneus  tcrtius. 

The  communicating  branch  of  the  dorsalis  pedis  artery 
passes  between  the  bases  of  the  first  and  second  metatarsal 
bones.    The  plantar  arch  crosses  the  joint  between  the  fourth 


Fig.  107. — TEANSVER8E  SECTION  OF  TIIK 
FOOT  AT  THE  TAESO-METATAESAL  LINE 
OF  JOINTS. 


o,  Cuboid;  i.e.,  M.c,  E.c,  The  three  cunei- 
form bones ;  1,  Ext.  prop,  pollicis ;  2, 
Ext.  long,  digit. :  3,  Ext.  brevis  digit. ;  4, 
Peron.  tertius ;  5,  Peron.  brevis ;  0, 
Peron.  longus  ;  7,  Tibialis  ant.  ;  8,  Flex, 
long.  poll.  ;  9,  Flex.  long,  digit.  ;  10, 
Abduct,  min.  digit.  ;  11,  Flex.  brev. 
digit.  ;  12,  Abduct,  hallucis. 
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and  fifth  metatarsals  obliquely,  and  runs  over  the  bases  of  the 
second  and  third  metatarsals  at  some  little  distance  from  the 
line  of  the  tarso- metatarsal  joints. 

Instruments. — A  stout  knife  with  a  blade  three  inches 
long.  (For  the  flap  operation  upon  the  great  toe  a  more 
slender  knife,  with  a  blade  of  about  three  and  a  half  inches 
in  length.)  Narrow  metal  retractors.  Lion  forceps  (in  the 
event  of  the  part  being  crushed).  Dissecting,  pressure,  and 
artery  forceps. 

Positiov. — The  same  as  for  previous  amputations.  {See 
page  404.) 

DISARTICULATIOX  OF  A  TOE,  TOGETHER  WITH  ITS  METATARSAL 

BONE. 

Disarticulation  of  the  Great  Toe,  together  with  its  Meta- 
tarsal Bone. — (a)  By  Oval  or  Racket  Incision. — Having 
defined  the  metatarso-tarsal  joint,  grasp  the  toe  with  the 
left  hand,  and  enter  the  knife  at  the  inner  border  of  the 
foot,  just  below  the  line  of  the  joint.  Carry  the  incision  out- 
wards, parallel  to  the  articulation  hne,  until  the  centre  of  the 
dorsal  aspect  of  the  metatarsal  bone  is  reached  (Fig.  117,  a). 
Now  continue  the  cut  straight  down  towards  the  nail,  along 
the  median  line  of  the  dorsum  of  the  bone.  This  incision 
will  lie  to  the  inner  side  of  the  extensor  proprius  poUicis 
tendon.  On  reaching  the  centre  of  the  metatarsal  bone, 
incline  the  incision  to  the  web,  then  round  the  outer  side  of 
the  root  of  the  toe  (the  phalanx  being  turned  out),  and  so  on 
to  the  plaTitar  aspect.  Let  the  knife  cross  the  plantar  sur- 
face transversely  in  the  groove  that  separates  the  toe  from  the 
sole.  Finally,  curve  the  incision  round  the  outer  aspect  of 
the  toe  to  reach  the  dorsal  Avound  at  the  centre  of  the  meta- 
tarsal bone.    The  incision  involves  the  skin  only. 

Now  deepen  the  dorsal  cut.  Divide  the  tendons  of  the  ex- 
tensor proprius  and  extensor  brevis  close  to  the  metatarso-tarsal 
joint.  Separate  the  soft  parts  from  the  inner  and  outer  sides  of 
the  bone,  keeping  close  to  it,  and  cutting  from  the  tarsus  to- 
wards the  toe.  While  effecting  this  separation  the  assistant 
turns  the  toe  to  one  or  other  side,  and  the  sui'sreon  uses  his  left 
fingers  to  draw  away  the  soft  ])arts.  The  assistant  now  partly 
extends  the  toe,  and,  the-  flexor  tendon  having  been  cut,  the 
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soft  parts  are  dissected  off  from  the  plantar  aspect  of  the 
bone.  The  bone  should  be  bared  back  to  the  joint.  The 
sesamoid  bones  are  left  behind. 

Care  must  be  taken  not  to  wound  the  conmiunicating 
branch  of  the  dorsalis  ])edis  artery  which  runs  between  the 
two  toes. 

The  next  step  is  to  open  the  joint  on  the  dorsal  aspect, 
and  as  far  as  possible  on  the  outer  and  inner  sides.  The 
surgeon  now  once  more  grasps  the  toe  and  divides  the  plantar 
and  remaining  ligaments.  Last  of  all,  the  tendons  of  the 
peroneus  Ipngus  jmd  tibialis  anticus  are  cut,  and  the  toe  with 
its  metatarsal  bone  is  free. 

Cut  the  flexor  tendon  short,  and  close  its  sheath  (page  322). 
If  the  transverse  cut  at  the  commencement  of  the  incision 
be  not  employed,  the  wound  nuist  start  over  the  cuneiform 
bone. 

Ilcvmorrhage. — The  dorsal  digital  branches  (of  the  first 
interosseous  artery)  to  the  sides  of  the  toe  are  divided  in  the 
dorsal  incision.  The  inner  one  will  probably  need  no  atten- 
tion. In  the  plantar  aspect  of  the  wound  are  divided  the  ter- 
mination of  the  internal  plantar  artery,  the  first  plantar 
digital  artery,  and  the  internal  digital  branch  to  the  great 
toe.  There  is  great  risk  of  wounding  the  conmumicating 
branch  of  the  dorsalis  pedis  in  the  gap  between  the  first  and 
second  toes. 

(b)  By  the  Flaj)  Method. — Having  grasped  the  toe  with 
the  left  hand,  the  knife  is  entered  on  the  dorsum  of  the  foot 
over  the  proximal  end  of  the  metatarsal  bone.  The  incision 
is  carried  fonvard  on  the  dorsum  of  the  bone  until  its  head  is 
reached.  It  now  crosses  the  inner  side  of  the  toe  to  the 
plantar  aspect  of  the  foot,  and  thence  is  continued  back  to  a 
spot  immediately  below  the  point  of  commencement. 

Both  the  dorsal  and  plantar  incisions  may  be  made  by 
cutting  from  behind  forwards,  and  then  joined  by  a  vertical 
incision  over  the  head  of  the  bone.  The  flap  thus  marked 
out  is  now  dissected  back.  In  doing  this  the  surgeon  draws 
back  the  divided  soft  parts  with  his  left  fingers  while  the 
assistant  holds  the  toe.  The  extensor  tendons  are  left  in  i^itu. 
The  flap  must  include  everything  down  to  the  bone.  When 
it  has  been  dissected  back  to  beyond  the  level  of  the  joint, 
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the  extensor  tendons  are  divided,  and  the  joint  opened  on 
its  dorsal  and  internal  aspects.  The  tendon  of  the  tibialis 
anticus  is  divided  at  this  step. 

Now,  having  grasped  the  toe  in  the  left  hand,  the  surgeon 
thrusts  the  knife  between  the  bases  of  the  two  metatarsals, 
keeping  the  blade  very  close  to  the  inner  bone,  and  brings  the 
point  out  at  the  plantar  wound.  The  knife  is  then  made  to 
cut  its  way  out  between  the  two  toes.  The  soft  parts  are 
cleared  from  the  plantar  aspect  of  the  bone,  the  flexor  tendon 
is  divided  high  up,  and  finally,  the  ligamentous  structures  at 
the  outer  side  of  the  joint  having  been  divided,  together  with 
the  peroneus  longus,  the  toe  is  free.  The  sesamoid  bones  are 
removed  with  the  toe.    The  flexor  sheath  should  be  closed. 

Hcemorrhage. — In  the  outer  surface  of  the  wound — the 
wound  left  by  the  transfixion  cut  between  the  toes— are  divided 
the  dorsal  digital  branches  to  both  sides  of  the  great  toe,  the 
internal  digital  branch  to  the  same  toe,  and  the  first  plantar 
digital  artery.  The  only  bleeding  point  in  the  flap  will 
belong  to  the  termination  of  the  internal  plantar  artery. 

The  first  dorsal  interosseous  artery  is  very  apt  to  be  cut, 
as  is  also  the  communicating  branch  from  the  dorsalis  pedis. 
In  clearing  the  soft  parts  it  is  most  important  to  keep  close  to 
the  bone. 

Comment. — Of  these  tAvo  operations,  the  first-named  is 
unquestionably  the  better.  The  flap  operation  mvolves  a 
large  wound  and  a  badly-placed  cicatrix.  The  flap  is  thin, 
especially  on  its  dorsal  aspect,  and  is  very  poorly  supplied 
with  blood. 

Disarticulation  of  the  Little  Toe,  together  with  its  Meta- 
tarsal Bone,  by  the  Oval  or  Racket  Incision. — The  toe  being 
grasped  by  the  left  hand,  the  knife  is  entered  at  the  outer 
margin  of  the  foot  about  1  cm.  behind  the  tuberosity  of  the 
fifth  metatarsal  bone.  An  oblique  cut — parallel  with  the  cubo- 
metatarsal  joint — is  made  (Fig.  116,  a),  and  a  median  dorsal 
incision  is  carried  thence  to  the  neck  of  the  metatarsal  bone. 
Here  the  oval  is  made  just  as  in  the  disarticulation  of  the 
great  toe  (page  421).  The  subsequent  steps  of  the  operation 
are  practically  identical  with  those  already  described. 

The  outer  tendon  of  the  extensor  longus  digitorum  lies  to 
the  inner  side  of  the  wound,  and  is  divided  at  the  highest 
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point  of  the  dorsal  incision.  At  this  point  also  some  portion 
of  the  fleshy  part  of  the  extensor  brevis  will  be  exposed. 

AVhon  the  outer  and  inner  sides  of  the  bone  have  been 
cleared  of  soft  parts,  the  tendons  of  the  peroneus  tertius  and 
peroneus  brevis  are  cut,  the  joint  between  the  cuboid  and 
fifth  metatarsal,  and  also  that  between  the  bases  of  the  fourth 
and  fifth  bones  are  opened  from  the  dorsum.  The  plantar 
surface  of  the  bone  is  then  cleared,  and  the  disarticulation  is 
completed  as  in  the  case  of  the  great  toe. 

To  the  base  of  the  bone  strong  processes  from  the  plantar 
fascia  are  attached,  and  require  division.  It  should  be  remem- 
bered that  a  double  articulation  is  opened  in  this  operation 
(page  420). 

Hcamori'hage. — In  the  dorsal  incision  the  dorsal  digital 
arteries  of  the  toe  are  divided,  while  the  plantar  digital 
vessels  are  found  cut  on  the  plantar  aspect  of  the  wound. 

Any  one  of  the  otker  metatarsal  bonei^  may  be  removed, 
with  its  corresponding  toe,  by  the  oval  incision.  The  outer 
two  bones  may  in  like  manner  be  removed  together  by  the 
oval  operation,  the  queue  of  the  oval  running  along  the 
interosseous  space  between  the  two  bones. 

As  already  stated,  these  operations  are  of  little  practical 
value.    (For  the  after-treatment,  see  page  442.) 

LISFRANC'S  OPEllATION. 

A  disarticulation  of  the  anterior  part  of  the  foot  at  the  • 
tarso-metatarsal  line,  useful  in  limited  cases  of  bone  disease, 
of  frost-bite,  or  of  gangrene,  and  in  some  examples  of  perforating 
ulcer  of  the  foot.    (For  the  anatomy  of  the  line  of  joints,  see 
page  419,  and  Fig.  106.) 

Instruments. — A  strong,  stout,  narrow  knife,  about  four  or 
five  inches  long  in  the  blade  ;  a  scalpel ;  a  saw,  in  the  event  of 
the  joints  being  anchylosed  ;  a  narrow  metal  spatula  ;  pressure 
forceps,  artery  and  dissecting  forceps ;  lion  forceps  if  the  toes 
be  crushed. 

Position. — The  patient  lies  on  the  back.  The  foot  is 
drawn  well  beyond  the  end  of  the  table,  and  is  raised  upon 
a  support  untd  on  a  level  with  the  surgeon's  neck.  The 
operator  may  stand  to  ciit  the  dorsal  flap,  but  should  sit  at 
the  end  of  the  table  facing  the  j)atient,  to  cut  the  sole  flap 
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and  couiplete  the  disarticulation.  The  assistants  stand  one 
on  each  side  of  the  end  of  the  table. 

Operation  {Rigid  Foot). — 1.  The  Dorsal  Flap. — Grasp  the 
extended  foot  with  the  left  hand,  so  that  the  thumb  is  on  the 
base  of  the  fifth  metatarsal  bone  and  the  forefinger  on  that  of 
the  first,  while  the  palm  of  the  hand  faces  the  sole.  The 
skin  on  the  dorsum  is  stretched,  and  the  knife  is  held  in  the 
free  hand,  with  the  forefinger  on  the  back  of  the  blade.  In 
this  position  the  dorsal  flap  is  cut.  The  incision  commences 
at  the  outer  margin  of  the  foot,  just  behind  the  tubercle  of 
the  fifth  metatarsal  bone  (Fig.  108).  For  about  an  inch  it 
follows  the  outer  border  of  the  bone.  It  then  sweeps  across 
the  dorsum  parallel  to  the  line  of  the  tarso-metatarsal  joints, 
and  about  half  an  inch  in  front  of  it.  The  cut  is  curved 
towards  the  toes,  and  reaches  the  plantar  aspect  of  the  inner 
border  of  the  foot  about  half  an  inch  in  front  of  the  tarsal 
joint  of  the  great  toe.  It  finally  follows  the  inner  margin  of  the 
foot,  and  ends  three-fourths  of  an  inch  behind  the  said  joint. 

The  assistant  now  holds  the  foot  fixed  in  the  extended 
position  while  the  surgeon  uses  his  left  fingers  to  dissect  back 
the  dorsal  flap.  The  dissection  at  first  includes  the  skin  only ; 
but  when  the  integmnent  has  been  retracted  about  one-fourth 
of  an  inch,  the  extensor  tendons  are  divided.  The  flap  contains 
therefore  all  the  soft  parts  down  to  the  bones.  It  is  important 
to  well  expose  the  metatarsus,  and  to  carry  the  flap  back  far 
enough  to  expose  the  tarso-metatarsal  joint-line.  {See  the 
Comment  upon  the  operation,  page  428.) 

2.  The  Plantar  Flap. — The  plantar  flap  is  now  cut.  The 
surgeon  flexes  the  foot  with  the  left  hand,  his  thumb  being 
along  the  line  of  the  toes,  and  his  fingers  on  the  dorsum. 
The  knife  is  introduced  at  right  angles  to  the  surface  of  the 
now  well-exposed  sole.  The  mcision,  commencing  on  the 
outer  side,  foUows  the  plantar  edge  of  the  fifth  metatarsal  for 
a  short  distance,  and  then  sweeps  obliquely  across  the  sole  to 
the  neck  of  the  fourth  metatarsal.  It  now  traverses  the  sole 
just  behind  the  line  of  the  heads  of  the  metatarsus,  and 
finally  follows  the  plantar  edge  of  the  metatarsal  bone  of  the 
groat  toe  to  join  the  extremity  of  the  dorsal  incision.'  The 
plantar  flap  is  thus  convex  forwards,  and  the  inner  segment 
is  longer  than  the  outer  (Figs.  108  and  118,  a). 
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The  incision  at  first  involves  the  skin  and  the  siibcii- 
taneoiis  tissues  only.  The  assistant  now  grasps  the  toes  and 
keeps  them  fully  extended  while  the  surgeon  dissects  back 
the  flap.  This  should  include  the  subcutaneous  structures 
only  until  the  hollow  behind  the  heads  of  the  metatarsal 

bones  is  reached.  When  this  hollow 
is  exposed,  the  tightly-stretched  flexor 
tendons  are  divided  by  a  vigorous 
transverse  cut.  The  rest  of  the  flap 
includes  all  the  soft  parts  down  to  the 
bones.  These  are  dissected  up  by 
short  transverse  cuts  with  the  knife 
while  the  operator  pulls  back  the  flap. 
The  separation  is  carried  back  until 
the  line  of  the  tarso-metatarsal  articu- 
lations is  reached.  The  exposure  of  the 
peroneus  longus  tendon  will  indicate 
when  this  line  is  reached.  The  tendon 
should  for  the  present  be  left  uncut. 

3.  The  Disarticulatum. — Return  to 
the  dorsum.  Grasp  the  foot  with  the 
left  hand  and  extend  it  fully.  Let  an 
assistant  hold  back  the  dorsal  flap  with 
one  hand  while  by  means  of  a  metal 
spatula  he  retracts  and  protects  the 
plantar  flap  with  the  other.  Enter 
the  Imife  just  behind  the  tubercle  of  the 
fifth  metatarsal  bone,  and,  cutting  obliquely  forwards  and 
inwards,  open  the  tarsal  joints  of  the  three  outer  metatarsal 
bones.  In  this  manwuvre  the  tendons  of  the  peronei  brevis 
and  tertius  are  divided.  Now  turn  to  the  inner  side  of  the 
foot,  and  open  the  joint  between  the  first  metatarsal  and  the 
inner  cuneiform,  cutting  at  the  same  time  the  tibialis  anticus 
ex|)ansion.  In  the  next  place,  open  the  joint  between  the 
second  metatarsal  and  the  middle  cuneiform  on  its  dorsal  aspect. 
The  complete  separation  of  the  metatarsal  bone  is  difiicult, 
and  is  thus  effected:  Hold  the  knife  like  a  trocar  and — keep- 
ing it  nearly  parallel  with  the  dorsum  of  the  foot — thrust  the 
point  in  deeply  between  the  bases  of  the  first  and  second 
metatarsal  bones  (Fig.  109)  until  it  is  arrested  by  bone. 
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The  edge  is  turned  towards  the  ankle.  Now  grasp  the  knife 
in  the  hand  like  a  dagger,  and  elevate  the  handle  until  it  is 
perpendicular  to  the  dorsum  of  the  foot,  at  the  same  time 
cutting  in  the  direction  of  the  external  malleolus  (Fig.  ilO). 
By  this  manoeuvre  (the  eoiq:)  de  maitre)  the  strong  ligament  of 
Lisfranc  (page  420)  is  severed. 


Fig.  109. — THE  COUP  DB  MAITEE    IN  LISFRANC'S  AMPUIAXION  :    FIEST  STEP. 

{After  Giiirin.) 


Divide,  any  remaining  ligaments,  especially  those  on  the 
plantar  aspect  of  the  joints,  and  finally  the  metatarsus  is  left 
attached  only  by  means  of  the  peroneus  longus  tendon.  Draw 
this  tendon  out,  and  cut  it  at  the  outer  angle  of  the  incision, 
and  the  parts  to  be  removed  are  free. 


Fig.  110.— THE  COUP  DE  MaItEE  IN  LISFEANO'S  AMPUTATION:    SECOND  STEP. 

{After  Giwrin.) 


.  Left  Foot. — Commence  the  dorsal  and  plantar  incisions  on 
the  inner  side  of  the  foot.    In  disarticulating,  open  first  the 
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joint  betAveen  the  metatarsal  bone  of  the  great  toe  and  the 
inner  cuneiform,  then  open  the  tarsal  joints  of  the  three  outer 
metatarsals,  and  finally  disarticulate  the  second  metatarsal. 

Hcbmorrhage. — In  the  dorsal  flap  are  divided  the  dorsal 
interosseous  ui'teries  (four),  opposite  to  the  interosseous  spaces, 
and  the  plantar  branch  of  the  dorsalis  pedis  as  it  dips  down 
between  the  bases  of  the  first  two  metatarsal  bones.  In  the 
plantar  flap  are  divided  the  plantar  digital  branches  of  the 
external  plantar,  and  probably  that  vessel  itself,  near  the  base 
of  the  second  metatarsal.  The  terminal  part  of  the  internal 
plantar  artery  is  also  divided. 

Comment. — The  dorsal  Hap  having  been  made,  the  dis- 
articulation may  be  at  once  proceeded  with,  and  the  operation 
completed  by  cutting  the  plantar  flap  from  within  outwards — 
i.e.,  practically  by  transfixion.  Or  the  disarticulation  having 
been  effected  from  the  dorsum,  the  plantar  flap  may  be  subse- 
quently cut  in  the  manner  already  described.  On  the  other 
hand,  the  operation  may  be  commenced  by  cutting  the  plantar 
flap,  and  then  be  completed  by  the  making  of  the  dorsal  flaj^ 
and  disarticulation. 

These  various  modifications,  together  with  the  procedure 
described  at  length,  are  all  known  generally  by  the  term 
"Lisfranc's  operation." 

The  stump  resulting  from  this  amputation  is  well  formed 
and  useful. 

The  following  points  may  be  observed  in  the  performance 
of  the  operation  : — 

It  is  a  common  fault  to  make  the  dorsal  flap  too  small,  and 
to  limit  it  strictly  to  the  dorsum.  This  flap  should  include 
not  only  the  dorsal  structures,  but  also  the  greater  part  of 
those  of  the  outer  and  inner  margins  of  the  foot.  The  relative 
sizes  of  the  two  flaps  may  be  estimated  by  noting  the  measure- 
ment of  half  the  circumference  of  the  foot  at  the  amputation- 
line.  An  unduly  large  plantar  flap  forms  an  unwieldy  pocket. 
If  the  dorsal  incision  be  carried  too  far  back,  the  joint  be- 
tween the  scaphoid  and  cuneiform  bones  may  be  opened  by 
mistake  on  the  inner  margin  of  the  foot. 

In  dissecting  back  the  dorsal  flap  the  knife  should  be  kept 
close  to  the  bones,  and  care  must  be  taken  not  to  damage 
the  interosseous  vessels  that  run  in  the  flap.    In  this  flap 
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portions  of  the  interossei  muscles  will  be  found,  and  especially 
some  fibres  of  the  first  dorsal  interosseous.  The  line  of  the 
articulations  must  be  well  exposed. 

In  disarticulating,  care  must  be  taken  not  to  damage  the 
plantar  flap.  During  the  separation  of  the  second  metatarsal 
from  the  tarsus,  I  have  seen  the  foot  so  vigorously  extended 
that  the  bone  has  been  fractured  through  its  base,  and  much 
difficulty  has  been  experienced  in  removing  the  fragment  thus 
left  behind. 

key's  operatiox. 

This  operation  resembles  Lisfranc's  procedure  in  all  essential 
points,  and  differs  only  m  this — the  four  outer  metatarsal  bones 
are  disarticulated  from  the  tarsus,  and  the  projecting  end  ot 
the  internal  cuneiform  bone  is  sawn  through,  carrying  the 
first  metatarsal  bone  with  it.  As  "  Hey's  operation  "  has  been 
variously  described,  I  give  here  the  original  description  : — 

"  In  the  year  1799  I  had  the  opportunity  of  repeating  this 
operation"  (resection  of  the  front  of  the  foot),  "  and  found  it  to 
answer  perfectly  my  expectations.  I  made  a  mark  across  the 
upper  part  of  the  foot,  to  point  out  as  exactly  as  I  could  the 
place  where  the  metatarsal  bones  were  joined  to  those  of  the 
tarsus.  About  half  an  inch  nearer  the  toes  I  made  a  trans- 
verse incision  throug-h  the  intesfuments  and  muscles  coverinsr 
the  metatarsal  bones.  From  each  extremity  of  this  wound  I 
made  an  incision  (along  the  inner  and  outer  sides  of  the  foot) 
to  the  toes.  I  removed  all  the  toes  at  their  junction  with  the 
metatarsal  bones,  and  then  separated  the  integuments  and 
muscles  forming  the  sole  of  the  foot  from  the  inferior  part  of 
the  metatarsal  bones.  .  .  I  then  separated  with  the  scalpel 
the  four  smaller  metatarsal  bones  at  their  junction  with  the 
tarsus,  which  was  easily  effected,  as  the  joints  lie  in  a  straight 
line  across  the  foot.  The  projecting  part  of  the  first  cuneiform 
bone,  which  supports  the  great  toe,  I  was  obliged  to  divide 
with  a  saw." 

Hey  himself  appears  to  have  been  a  little  indefinite  about 
the  procedure  that  bears  his  name,  for  in  one  of  the  instances 
he  dissected  out  all  the  metatarsal  bones,  and  in  another  he 
drew  the  saw  across  the  bases  of  those  bones. 

A  modification  of  this  operation,  practised  by  the  late 
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Prof.  R.  W.  Smith,  is  thus  described  by  Sir  Wilham  Stokes. 
It  is  claimed  as  an  advantage  that  the  two  anterior  points  of 
support — viz.,  the.  ball  of  the  great  toe  and  the  base  of  the 
fifth  metatarsal  bone — are  preserved. 

"  The  operation  is  ])erformed  by  making  an  oblique  incision 
across  the  four  lesser  metatarsal  bones, commencing  about  three- 
fourths  of  an  inch  in  front  of  the  base  of  the  fifth  metatarsal  bone, 
and  in  a  direction  towards  the  metatarso-phalangeal  articulation 
of  the  great  toe.  The  incision  should  be  made  down  to  the 
bones,  and  another  incision  should  then  be  made  at  the  centre 
of  the  first  one,  but  at  right  angles  to  it,  upwards  and  inwards, 
for  about  an  inch  or  an  inch  and  a  quarter.  The  tissues  at 
each  side  of  the  second  incision  should  then  be  dissected  off 
the  bones,  and  these,  thus  freely  exposed,  should  be  obliquely 
divided  close  to  their  proximal  articulations  Avith  a  small  saw 
or  fine  forceps.  The  flap  should  be  taken  altogether  from  the 
sole  of  the  foot"  (Heath's  "Dictionary  of  Surgery,"  vol.  i., 
page  551). 

For  the  after-treatment  of  these  operations,  see  page  442. 
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CHAPTER  XXIV. 
Partial  Amputation  of  the  Foot. 


AMPUTATION   THROUGH  THE   MEDIO-TARSAL   JOINT  (CHOPART's 

operation). 

This  consists  of  a  disarticulation  of  the  foot  at  the  medio- 
tarsal  joint.  The  procedure  that  at  the  present  day  is  known 
by  this  name  differs  somewhat  in  detail  from  the  operation  as 
originally  described  by  Chopart. 

Anatomical  Points. — The  inedio-tarsal  joint  consists  of 
two  articulations — the  calcaneo-cuboid  on  the  outer  side,  and 
the  astragalo  -  scaphoid  on  the  inner. 
These  two  joints  have  distinct  synovial 
membranes.  They  lie  nearly  in  a  trans- 
verse line,  but  the  astragalo-scaphoid 
joint  is  more  convex  anteriorly,  and  is  a 
little  in  advance  of  the  companion  articu- 
lation. The  first-named  articulation  forms 
a  ball-and-socket  joint,  the  convex  head 
of  the  astragalus  bemg  secured  in  the 
concave  facet  of  the  scaphoid  (Fig.  111). 
The  greatest  vertical  measurement  of  the 
articulation  is  one  inch,  while  its  greatest 
transverse  measurement  is  about  the  same. 
The  following  ligaments  support  the  joint : 
— (1)  The  astragalo-scaphoid,  a  thin  dorsal 
ligament;  (2)  the  inferior  calcaneo-scaphoid,  a  dense,  thick 
fibrous  plate,  that  lies  just  under  the  joint ;  (3)  the  external 
calcaneo-scaphoid.  This  band  lies  in  the  hollow  between  the 
two  joints  of  the  medio-tarsal  line.  It  starts  from  the  os  calcis, 
and  blends  above  and  below  with  the  two  ligaments  already 
named.  It  is  called  by  the  French  the  Y  ligament,  "  la  clef 
de  I'articulation  de  Chopart."    The  synovial  membrane  of 
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Fig.      111.— BONES  OF 
THE  FOOT. 

A  A,  Line  of  Chopart's 
,  Amputation. 
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this  joint  is  common  also  to  the  anterior  astragalo-calcaneal 
articulation. 

The  calcaneo-cuboid  joint  presents  a  concavo-convex  surface, 
the  concavity  inclining  from  above  downwards  and  inwards' 
It  measures  about  three-quarters  of  an  inch  vertically,  and  one 
inch  transversely.  It  is  supported  by  the  following  ligaments:— 
(1)  The  internal  calcaneo-cuboid,  a  strong  band  ;  (2)  the  dorsal 

calcaneo-cuboid,  a  wider  ligament ;  and 
(3)  and  (4),  the  well-known  long  and 
short  plantar  ligaments.  The  synovial 
membrane  is  peculiar  to  the  joint.  This 
articulation  lies  on  a  line  midway  between 
the  tip  of  the  external  malleolus  and 
the  tuberosity  of  the  fifth  metatarsal 
bone.  The  companion  joint  will  be 
found  just  behind  the  tuberosity  of  the 
scaphoid — a  conspicuous  landmark. 

Instruments  and  Position.  —  The 
same  as  for  Lisfranc's  operation.  The 
surgeon  should  sit  to  cut  the  plantar 
flap,  but  will  find  it  more  convenient  to 
stand  while  cutting  the  dorsal  flap  and 
while  disarticulatmg. 

Operation. — In  its  main  points  the 
procedure  is  identical  with  Lisfranc's 
amputation.  1.  The  dorsal  Jiap. — The 
incision  commences  at  a  point  midway  between  the  tip  of  the 
outer  malleolus  and  the  tuberosity  of  the  flfth  metatarsal  on 
the  outer  side,  and  at  a  point  just  behind  the  tuberosity  of  the 
scaphoid  on  the  inner  side.  The  cut  follows  on  either  side  the 
margin  of  the  foot  for  a  little  distance,  and  is  then  so  curved 
over  the  dorsum  as  to  cross  the  bases  of  the  metatarsal  bones 
(Fig.  112).  2.  Tlte  flantar  Jiap  extends  between  the  two 
points  first  named.  It  follows  in  the  main  the  lines  of  Lis- 
franc's flap,  and  has  the  same  shape.  It  is  so  carried  over 
the  sole  as  to  cross  the  middle  of  the  metatarsus  (Figs. 
112  and  118,  b).  The  flexor  tendons  are  divided  as  soon  as  a 
little  skin  has  been  retracted.  Both  flaps  contain  all  the  soft 
parts  down  to  the  bones.  The  medio-tarsal  joint-line  should 
be  well  exposed. 


Fig.  112. — chopabt's  am- 
putation. 
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3.  The  Disartieulation.- 


-In  disarticulating,  the  foot  may- 
be- conveniently  held  in  the  position  of  talipes  varus,  and 
be  -well  extended.  Care  must  be  taken  to  open  the  right 
joints.  It  is  easy  to  open  the  scapho-cuneiform  joints  in  the 
place  of  the  astragalo-scaphoid,  and  to  actually  leave  the 
scaphoid  behind. 

The  tendons  that  are  especially  to  be  noted  in  cutting  the 
deeper  parts  are  the  three  peronei  and  the  two  tibials. 

Hceriiorrhage. — In  the  dorsal  flap,  the  dorsalis  pedis  artery 
is  cut  as  it  dips  down  between  the  first  and  second  metatarsal' 
bones.  The  metatarsal  and  tarsal  branches  of  that  vessel 
are  also  divided.  The  two  saphenous  veins  come  in  this 
flap. 

At  the  anterior  part  of  the  inner  segment  of  the  plantar 
flap  the  internal  plantar  artery  is  divided,  and  near  the  base 
of  the  second  metatarsal  bone  the  end  of 
the  external  plantar.    In  the  outer  part 
of  the  flap  are  the  digital  branches  of  the 
latter  vessel. 

Comment. — The  value  of  this  opera- 
tion is  open  to  serious  question,  and  in 
many  points  it  does  not  compare  favour- 
ably with  Syme's  amputation.  It  is  not 
adapted  for  cases  of  bone-disease  as  a 
rule.  The  stump  may  appear  an  excel- 
lent one  immediately  after  the  operation. 
In  process  of  time,  however,  it  will  be 
found  that  the  whole  of  the  os  calcis — 
and  not  the  tuberosities  merely  —  is 
brought  in  contact  with  the  ground,  and 
that  the  somewhat  sharp-edged  anterior  part  of  the  bone  is 
not  well  suited  to  bear  pressure. 

In  some  cases  the  stump  has  a  tendency  to  turn  over  into 
what  would  be  the  varus  position,  and  the  patient  walks  upon' 
the  outer  border  of  the  under  surface  of  the  os  calcis. 

In  other  instances — and  these  are  not  uncommon — the  heel 
is  drawn  up  by  the  action  of  the  tendo  Achillis,  the  head  of  the 
OS  calcis  is  tilted  downwards,  and  upon  this  point  of  bone  the 
patient  walks  (Fig.  113).  A  stump  so  deformed  will  be  painful, 
and  will  probably  become  too  tender  to  bear  the  weight  of  the 


Fig.  113. — ANATOMY  OP 
THE  STUMP  AFTEB 
CHOPABT'S  AMPUTA- 
TION. [Farabcuf.) 
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body ;  or  the  cicatrix,  being  exposed  to  pressure,  may  break 
down. 

Attempts  have  been  made  to  prevent  this  mal-position  l)y 
attaching  the  anterior  tendons,  inckiding  especially  the  tibialis 
anticus,  by  stout  sutures,  to  the  tissues  of  the  sole-flap. 

It  has  been  further  recommended  that  a  wedge-shaped  pad 
be  worn  in  the  boot,  so  placed  as  to  resist  the  turning-down  of 
the  head  of  the  os  calcis.  Finally,  the  tendo  Achillis  has  been 
divided.  This  tenotom}'-,  while  it  has  weakened  the  foot 
•greatly,  has  not  always  sufficed  for  the  permanent  cure  of  the 
deformity.  {See  Tripier's  Operation,  page  453.)  In  some 
cases  caries  of  the  os  calcis  appears  to  have  supervened. 

The  planning  of  the  flaps  may  be  varied.  If  the  dorsal 
flap  be  curtailed,  the  plantar  flap  must  be  increased  in  length. 
Some  surgeons,  having  made  the  dorsal  flap,  and  effected  the 
disarticulation,  cut  the  plantar  flap  by  transfixion.  Such  a 
flap,  however,  is  apt  to  be  ill-shaped  and  thin,  and  the  plantar 
arteries  will  be  probably  divided  unnecessarily  high. 

It  has  been  advised  to  leave  the  scaphoid  bone  when  sound, 
and  so  to  retain  the  attachment  of  the  tibialis  posticus.  To 
effect  this  end  the  flaps  must  be  cut  longer  on  the  inner  side. 
It  has  not  been  shown  that  this  modification  is  of  special  value. 
(For  the  after-treatment,  see  page  442.) 


CHAPTER  XXY. 


Paetial  Amputation  of  the  Foot. 

subastragaloid  disarticulation. 

This  operation  consists  of  a  disarticulation  at  the  astragalo- 
scaphoid  and  astragalo-calcaneal  joints.  The  astragahis  is  the 
only  bone  of  the  foot  that  is  left  behind,  and  forms  the  summit 
of  the  stump. 

Anatomical  Points. — The  astragalo-scaphoid  joint  has 
been  described  (page  481).    {See  also  Fig.  111.) 

The  OS  calcis  articulates  with  the  astragalus  by  a  double 
joint ;  the  anterior  communicates  with  the  medio-tarsal  artic- 
ulation ;  the  posterior  is  separate  and  complete  in  itself. 
The  two  bones  each  present  two  articular  facets  of  unequal 
size,  separated  by  a  deep  groove,  in  which  is  lodged  the  inter- 
osseous ligament.  This  groove  and  ligament  divide  the 
anterior  from  the  posterior  joint.  In  front  of  the  inner  end 
of  the  groove  the  prominent  process — the  sustentaculum  taH 
— projects  inwardly.  The  posterior  facet  is  the  larger,  is  con- 
vex on  the  OS  calcis,  concave  on  the  astragalus,  and  is  about 
one  inch  and  a  half  in  length,  and  three-quarters  of  an  inch 
in  width.  The  anterior  facet  is  narrower,  smaller,  and  more 
internal.  It  is  concave  on  the  os  calcis,  and  runs  on  to  the 
upper  surface  of  the  sustentaculum  tali,  while  it  is  convex  on 
the  astragalus. 

The  under-surface  of  the  astrasralus,  as  seen  after  the 
disarticidation,  is,  speaking  generally,  flat,  and  forms  an  even 
surface  for  the  end  of  the  stump.  The  groove  between  the 
facets  runs  obliquely  from  within  forwards  and  outwards. 

The  following  are  the  ligaments  between  the  os  calcis  and 
astragalus.  The  main  connection  is  effected  by  the  very 
massive  interosseous  ligament  which  occupies  the  whole 
length  of  the  groove.  On  the  outer  side  are  the  membranous 
external  calcaneo-astragaloid  and  e.'cternal  calcanco-scaphoid 
c  0  2 
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ligaments,  and  a  part  of  the  external  lateral  ligament  of  the 
ankle.  Behind  is  the  posterior  calcaneo-astragaloid  ligament, 
and  on  the  inner  side  the  internal  ligament  of  that  name,  to- 
gether with  part  of  the  internal  lateral  ligament  of  the  ankle. 

Position  and  Instruments. — The  same  as  in  the  preced- 
ing operation.  , 

The  following  methods  will  be  described  : — 

1.  Farabeuf's  operation. 

2.  The  oval  operation. 
8.  Verneuil's  operation. 
4.  By  the  heel  flap. 

1 .  Farabeuf's  Operation  by  a  Large  Internal  and  Plantar 
Flap. 

In  this  procedure  a  large  flap  is  cut  from  the  sole  and  the 
inner  aspect  of  the  foot. 

(1)  The  Line  of  Incision. — The  incision  is  commenced  at  the 
outer  margin  of  the  tendo  Achillis  at  its  insertion  (Fig.  114,  a), 
and  is  then  curved  u^i  a  little  to  reach  the  level  of  a  point  one 
inch  below  the  outer  malleolus.    It  is  now  carried  forwards 
horizontally,  parallel  to  the  outer  border  of  the  foot,  and  one 
inch  below  the  malleolus  (a  to  b),  and  reaches  a  point  (b) 
which  is  on  a  hne  connectmg  the  base  of  the  fifth  metatarsal 
bone  with  the  joints  between  the  scaphoid  and  cuneiform 
bones.    It  then  curves  sharply  inwards  across  the  dorsiun  of 
the  foot  (b  to  x),  a  little  in  front  of  the  joints  named,  and 
reaches  the  extensor  proprius  pollicis  tendon  at  x.  The 
incision  next  crosses  the  inner  border  of  the  foot  so  as  to  foUow 
the  line  of  the  cuneo-metatarsal  joint  of  the  great  toe  (x  to  c). 

It  now  sweeps  across  the  centre  of  the  sole  of  the  foot  (c 
to  d),  and  is  then  rounded  off  and  curved  back,  so  as  to  follow 
exactly  the  outer  border  of  the  foot  as  far  as  the  external 
tuberosity  of  the  os  calcis  (e).  It  is  now  curved  up  a  little  to 
'end  at  the  insertion  of  the  tendo  Achillis  at  a.  (See  also 
^Fig.  118,  E  and  Fig.  121,  a.) 

The  foot  must  be  turned  from  side  to  side  by  the  surgeon's 
left  hand  as  the  devious  line  of  this  incision  is  followed.  The 
knife  at  first  divides  only  the  skin  and  the  subcutaneous  tissue. 
•'It  is  then  made  to  follow  the  incision  a  second  time — when 
•  the  skin  has  retracted  a  little — and  is  carried  to  the  bone. 
■Care  must  be  taken  that  the  knife  goes  well  down  to  the  bone, 
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and  that  all  the  soft  parts  are  divided.  To  effect  this  the 
blade  must  be  used  with  considerable  vigour.  The  border  or 
surface  of  the  foot  that  is  attached  must  be  put  upon  the  stretch, 
so  that  the  tendons  are  cleanly  divided.  The  peronei  tendons, 
are  especially  difficult  to  cut.  In  making  these  deep  sweeps 
with  the  knife  great  care  must  be  taken  to  avoid  opening  any 


Fig.  114.— INNEE  AJSTD  OtTTER  SIDES  OF  THE  BIGHT   FOOT,    TO   SHOW   THE  INCISIONS 
IN  FAEABEUF'S  StTBASTRAGALOID  AMPUTATION. 

V,  The  lines  of  Verneuil's  subastragaloid  amputation.  (For  other  references,  sec  Text. ) 

joints,  notably  those  between  the  scaphoid  and  the  cunei- 
form bones. " 

(2)  The  DisarticuI(.i.tion. — The  leg  having  been  flexed  upon 
the  thigh,  the  assistant  turns  the  knee  in  with  one  hand  and 
presses  the  lower  part  of  the  leg  against  the  edge  of  the  couch 
with  the  other. 

The  foot  projects  beyond  the  end  of  the  table,  with  i'ts 
outer  surface  well  exposed  and  lying  horizontally. 

Let  the  dorsal  part  of  the  flap  (x  to  a)  be  now  dissected 
up  sufficiently  to  well  expose  the  head  of  the  astragalus ; 
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divido  the  tendo  Achillis ;  open  the  astragalo-scaphoid  joint 
on  its  dorsal  aspect.  Keep  the  knife  between  the  bones,  and, 
cutting  backwards,  pass  it  between  the  os  calcis  and  astragahis, 
and  so  sever  the  interosseous  ligament.  This  entails  no 
difficidty  if  the  outer  surface  of  the  foot  be  well  exposed  and 
Icopt  upon  the  stretch  with  the  left  hand.  As  the  liga- 
ment is  divided,  turn  the  os  calcis  more  and  more  out.  8ee 
that  all  the  tendons,  etc.,  are  divided  on  the  outer  side  of  the 
foot,  and  that  the  outer  aspect  of  the  os  calcis  is  bared  to  the 
periosteum. 

Now  with  the  left  hand  twist  the  foot  round  until  it 
is  in  the  position  of  the  extremest  varus.  In  this  position 
dissect — by  cuts  made  from  left  to  right  in  the  left  foot,  and 
from  right  to  left  in  the  right  foot — all  the  soft  parts  from  the 
inner  and  under  surfaces  of  the  os  calcis  (Fig.  115).  Special 
care  must  be  taken  of  the  vessels  which  lie  in  the  hollow  on 
the  inner  side  of  that  bone. 

Clear  the  under  surface  of  the  bone,  still  turning  the  foot 
out.  When  this  process  of  enucleation  is  complete,  the  foot 
will  have  been  so  turned  round  that  the  dorsum  will  face 
downwards.  Now  separate  the  foot  and  cut  any  neglected 
tendons  short. 

The  suture  line  on  the  stump  is  horizontal,  and  is  on  the 
outer  side  of  the  extremity. 

The' operation  is  much  easier  on  the  left  than  on  the  right 
foot.  In  the  latter  case  it  may  be  more  convenient  to  dissect 
up  the  great  flap  and  bare  the  os  calcis  before  the  disarticula- 
tion is  effected. 

A  hole  may  be  made  in  the  heel  part  of  the  flap — which 
forms  a  pouch — and  a  drainage-tube  passed  through  it. 

Hcemnrrhage. — In  the  part  of  the  flap  a  to  b  are  cut  the 
posterior  peroneal,  the  anterior  peroneal,  and  branches  of  the 
tarsal  and  metatarsal  arteries.  The  largest  of  these  is  the 
first-named,  which  runs  just  behind  the  malleolus. 

In  the  part  b  to  x  the  tarsal  artery  and  the  dorsalis 
pedis — the  latter  a  large  vessel — are  divided  opposite  the 
centre  of  the  head  of  the  astragalus.  In  the  part  x  to  ]) 
the  internal  and  external  plantar  are  cut.  In  the  margin  of 
the  flap  T)  to  E  branches  of  the  latter  vessel  are  fovmd. 

2.  The  Oval  Operation  (Maurice  Perrin). — The  incision  in 
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this  procedure  commences  behind,  at  the  insertion  of  the 
tendo  Achillis,  and  is  carried  forwards  along  the  outer  side  of 
the  foot — parallel  with  its  external  border,  and  one  inch 
and  a  half  below  the  external  malleolus — to  a  point  just 
behind  the  base  of  the  fifth  metatarsal  bone. 

It  is  then  curved  across  the  dorsum  to  reach  on  the 


Fig.    115. — STJBASTEAGAIiOID  AMPUTATION  OF  THE  LEFT  FOOT.     {After  Farclheuf.) 

inner  side  of  the  foot  the  level  of  the  joint  between  the  first 
metatarsal  bone  and  the  cuneiform.  The  incision  now  sweeps 
back  across  the  sole  and  joins  the  first  cut  some  two  inches 
behind  the  base  of  the  fifth  metatarsal  bone  (Fig.  116,  b). 

The  incision  may  at  first  involve  the  skin  only,  but  must 
then  be  carried  well  to  the  bone. 

The  subsequent  steps  of  the  operation  are  precisely  the 
same  as  in  the  previous  amputation.  The  foot  should  be 
placed  in  the  same  posture,  and  the  disarticulation  effected  in 
the  same  manner. 
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It  is  advisable  to  saw  off  the  head  of  the  astragahis. 

In  the  left  foot  the  disarticulation  may  be  carried  out  as 
soon  as  the  dorsal  and  external  parts  of  the  flap  have  been 
dissected  back.  In  the  right  foot  the  whole  of  the  flap  had 
better  be  dissected  back  as  far  as  possible,  and  the  os  calcis 
cleared  before  the  disarticulation  is  attempted. 

3.  Verneuil's  Operation.— This  procedure  appears  to  be 
one  that  is  very  generally  adopted  in  France  (Fig.  114,  v). 

The  incision 
is  commenced 
over  the  outer 
tuberosity  of  the 
OS  calcis,  fi'om  2 
to  3  cm.  below 
the  external 
malleolus.  It  is 
then  carried  for- 
ward to  a  point 
2  cm.  behind, 
and  to  the  inner 
side  of  the  base 
of  the  fifth 
metatarsal  bone. 
It  is  now  curved  over  the  dorsum  of  the  foot  to  the  middle 
of  the  internal  cuneiform  bone.  Finally,  it  sweeps  obliquely' 
across  the  sole,  to  reach  the  point  of  commencement  by  the 
shortest  possible  route. 

The  soft  parts  are  cleared  from  the  bone,  and  the  disarticu- 
lation effected  as  above  described.  It  is  advisable  to  saw  off 
the  head  of  the  astragalus. 

4.  Disarticulation  with  a  Heel  Flap. — The  flaps  made  in 
this  operation  are  a  modification  of  those  of  Syme's  anqjuta- 
tion  (page  445).  The  plantar  incision  commences  half  an  inch 
below  the  outer  malleolus,  and  ends  one  inch  below  the  inner 
malleolus.  Between  these  jsoints  it  is  carried  vertically 
downwards  across  the  heel,  while  the  foot  is  held  at  right 
angles  to  the  leg.  The  dorsal  flap  is  U-shaped,  has  its  limbs 
horizontal,  and  crosses  the  foot,  with  a  curve,  at  the  level  of  the 
astragalo-scaphoid  joint  (Fig.  117,13). 

The  heel  flap  is  dissected  back  just  as  in  Syme's  amputa- 


Fig.  11(5.— A,  Disarticulation  of  the  little  toe,  together  with 
its  metatarsal  bone,  by  the  oval  or  racket  incision  ;  B, 
Maurice  Perrin's  subastragaloid  amputation. 
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tion  (page  446),  and  the  tendo  Achillis  is  then  divided.  The 
dorsal  flap  is  in  the  next  place  dissected  up,  and  must  include 
all  the  soft  parts  down  to  the  bone. 

The  astragalo-scaphoid  joint  having  been  opened  from  the 
dorsum,  the  knife  is  passed  between  the  astragalus  and  os 
calcis,  and  the  disarticulation  is  effected.  Ashhurst  advises 
that,  as  soon  as  the  flaps  have  been  made,  the  anterior  part  of 
the  foot  should  be  disarticulated  along  the  line  of  Chopart's 
operation,  that 
the  OS  ■  calcis 
should  then  be 
grasped  with  a 
pair  of  lion  for- 
ceps and  twisted 
from  side  to  side 
while  the  separa- 
tion from  the 
astijagalus  is  ef- 
fected. 

The  head  of 
the  astragalus 
should  be  re- 
moved with  the 
saw.  The  vessels 
divided  are  practically  the  same  as  those  cut  in  Syme's 
operation. 

Comment. — Subastragaloid  amputation  was  proposed  by 
Lignerolles  in  1889,  was  flrst  performed  in  Germany  by 
Textor  in  1841,  in  France  by  Malgaigne  in  1845,  and  in 
England  by  Simon  in  1848.  Malgaigne  employed  a  single 
large  internal  flap,  and  Nelaton  peculiar  dorsal  and  plantar 
flaps  that  were  larger  on  the  inner  than  the  outer  side. 

The  amputation  gives  very  excellent  results.  The  astra- 
galus forms  a  good  surface  for  support,  and,  as  the  ankle- 
joint  is  preserved,  a  more  elastic  stump  is  produced  than 
results  from  either  Syme's  or  Pirogoff  s  amputation. 

Of  the  four  methods  described,  the  first  three  arc 
practically  varieties  of  the  oval  or  racket  incision,  the  last 
involves  a  simple  heel  flap. 

Farabeuf's  operation  has  been '  considered  first  because  it 


its  metatarsal  bone,  by  the  oval  or  racket  incision  ;  h, 
subastragaloid  amputation  by  beel  flap. 
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serves  to  demonstrate  the  especial  features  of  the  operations 
by  the  oval  method  and  the  difficulties  of  disarticulating. 
The  resulting  flap  affords  an  excellent  covering  to  the  bone, 
the  head  of  the  astragalus  can  be  left,  and  the  cicatrix  is  well 
removed  from  pressure.  The  incision  is,  however,  needlessly 
complex,  the  flap  is  a  little  unwieldy,  a  rather  large  pocket 
is  formed  about  the  heel,  and  it  is  not  easy  to  obtain  in 
every  case  so  large  a  tract  of  sound  skin  as  is  demanded. 
Verneuil's  operation  is  much  simpler,  but,  if  conducted  pre- 
cisely upon  the  lines  laid  down,  the  resulting  flap  is  a  little 
scanty.  So  far  as  my  experience  goes,  I  should  say  the  choice 
of  a  subastragaloid  amjiutation  rested  between  the  procedure 
of  Maurice  Perrin  and  that  by  the  heel  flap.  I  have  once  had 
the  opportunity  of  performing  both  operations  at  the  same 
time,  upon  the  same  patient,  for  troubles  following  upon 
extreme  talipes  varus. 

Perrin's  operation  is  difficult ;  the  soft  parts  are  somewhat 
roughly  handled,  and  there  are  many  risks  of  injuring  the 
vessels  of  the  flap.  The  wound  will  probably  not  heal  so 
well  as  after  the  operation  by  the  heel  flap.  The  latter  pro- 
cedure is  simple,  is  easy,  and  can  be  carried  out  with  a  mini- 
mum amount  of  disturbance  to  the  soft  parts.  The  wound 
heals  readily. 

AMien  the  stumps,  however,  have  become  firm,  some  im- 
portant points  of  dift'erence  are  to  be  noted : — The  stump  in 
the  oval  operation  is  wide,  and  the  cicatrix  is  well  removed 
from  pressure ;  in  the  heel-flap  procedure  the  stump  is  narrower, 
and  the  suture  line  comes  inconveniently  near  to  the  pressure 
area.  In  patients  m  whom  excellent  healing  powers  may  be 
expected,  I  think  Perrin's  method  is  to  be  preferred. 

In  these  operations  a  drainage-tube  may  be  retained  for 
one  or  two  days.  The  limb  should  be  supported  on  an 
inclined  plane  on  a  simple  back-splint.  The  sutures  should 
be  retained  as  long  as  possible,  and  after  their  removal  the 
flap  may  be  supported  by  strapping. 

THE  AFTER-TREATMENT  OF  PARTIAL  AMPU'J'ATIONS  t)F  THE  FOOT. 

The  wound  should  be  kept  exposed  to  the  air  for  reasons 
already  given  (page  69),  the  limb  should  be  a  Kttle  raised 
upon  a  pillow,  and  the  stump  should  be  so  placed  that  efllcient 
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drainage  is  permitted.  The  remarks  already  made  with 
reference  to  the  after-treatment  of  amputations  of  the  toes 
apply  to  certain  of  these  operations  (page  416). 

In  the  case  of  the  removal  of  the  great  toe,  together  with 
its  metatarsal  bone,  the  foot  should  be  allowed  to  lie  a  little 
upon  its  inner  side,  provided  that  direct  j)ressure  is  not  made 
upon  the  Avoimd.  When  the  fifth  toe  has  been  removed  in  a 
similar  manner,  the  foot  should  be  inclined  towards  the 
opposite  side. 

After  Lisfranc's  and  Hey's  amputations  the  limb  may  be 
allowed  to  lie  upon  one  or  other  side  with  the  knee  bent.  The 
pillow  supporting  the  foot  should  be  firm,  the  stump  may  pro- 
ject a  little  beyond  the  end  of  the  pillow,  and  to  this  support 
the  leg  may  be  lightly  secured. 

After  Chopart's  operation  and  after  the  subastragaloid 
amputations  the  stump  should  be  supported,  upon  a  back- 
splint,  which  is  kept  a  little  raised  b}^  a  firm  pillow  or  cushion. 
By  this  means  the  heel-flap  is  supported,  and  the  os  calcis  in 
the  Chopart  operation  is  to  a  great  extent  kept  from  altering 
its  position.  The  knee  should  be  a  little  bent,  and  the  stump 
may  be  inclined  laterally,  so  as  to  favour  drainage.  The  splint 
employed  is  an  ordinary  straight  back-splint,  suitably  padded. 

A  pad  is  introduced  beneath  the  tendo  Achillis.  The  skin 
is  protected  by  a  piece  of  gutta-percha  moulded  to  the  limb 
and  lined  with  lint.  The  splint  is  secured  by  straps  and 
buckles  (Fig.  76). 

Drainage-tubes  should  not  be  employed  unless  actually 
necessary,  and  should  never  be  passed  right  across  the  angle  of 
the  wound,  from  one  extremity  of  the  incision  to  the  other. 
A  small  piece  of  tvibing  may  be  introduced  at  each  of  the  two 
corners  of  the  wound — as  in  Hey's,  Lisfranc's,  and  Chopart's 
amputations — and  sutures  at  these  points  may  be  omitted. 
In  any  case  the  tubes  should,  under  ordinary  circumstances, 
be  removed  in  twenty-four  hours. 

In  the  subastragaloid  operations,  where  a  heel -flap  exists — 
with  a  pouch  left  by  the  removal  of  the  os  calcis — a  hole  may 
be  made  through  the  centre  of  that  flap  into  the  pouch,  and  a 
short  length  of  tube  introduced.  This  need  not  be  retained 
more  than  one  day. 
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CHAPTER  XXVI. 
Amputation  of  the  Foot. 

Two  procedures  will  be  described : — 

A.  Disarticulation  at  the  ankle-joint. 

B.  Intra-calcancal  amputations  of  the  foot. 

A. — disarticulation  at  the  ankle-joint  (syme's 

amputation). 

This  is  the  principal  operation  for  removing  the  entire 
foot.  The  flap  is  made  from  the  heel,  the  soft  parts  having 
been  peeled  off  the  os  calcis.  The  two  malleoli,  together  with 
the  articular  surface  of  the  tibia,  are  sawn  off. 

Anatomical  Points. — The  mechanical  characters  of  the 
ankle-joint  should  be  well  known,  and  the  height  and  breadth 
of  the  dome  on  the  tibia,  which  receives  the  head  of  the 
astragalus,  duly  appreciated. 

The  anterior  and  posterior  ligaments  of  the  ankle-joint 
are  very  thin,  but  the  lateral  ligaments — and  especially  the 
internal  lateral  ligament — are  very  strong,  and  have  wide  and 
extended  attachments  to  the  tarsal  bones.  The  chief  tendons 
about  the  ankle-joint  run  in  spiovial  sheaths,  and  are  therefore 
difficult  to  cut  unless  the  knife  be  wielded  with  vigour. 

The  hlood  supjily  of  the  heel- flap  is  a  matter  of  great 
importance ;  the  two  chief  vessels  of  supply  are  the  external 
calcaneal  of  the  posterior  peroneal  on  the  outer  side,  and  the 
internal  calcaneal  of  the  external  plantar  on  the  inner  side. 
The  first-named  vessel  is  a  contmuation  of  the  posterior 
peroneal.  It  runs  just  behind  the  inferior  tibio-fibular  joint, 
and  then  behind  the  outer  malleolus  to  the  heel.  With  regard 
to  the  internal  calcaneal  artery,  the  posterior  tibial  divides 
"on  a  level  with  a  line  drawn  from  the  point  of  the  mternal 
malleolus  to  the  centre  of  the  convexity  of  the  heel."  This  line 
is  dangerously  close  to  the  line  of  the  incision.  The  internal 
calcaneal  artery  arises  from  the  external  plantar,  close  to  the 
bifurcation  and  under  the  fibres  of  origin  of  the  abductor 
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pollicis.  Inasmuch  as  this  is  the  chief  vessel  of  the  flap,  the 
greatest  care  must  be  taken  of  it.    (See  page  448.) 

Minute  branches  may  reach  the  flap  from  the  internal 
malleolar  of  the  posterior  tibial  and  from  the  outer  and  inner 
malleolar  of  the  anterior  tibial. 

The  lower  epiphysis  of  the  tibia  includes  the  articular 
surface  and  the  inner  malleolus.  It  joins  the  shaft  between 
the  eighteenth  and  nineteenth  years.  The  lower  epiphysis  of 
the  fibula  corresponds  to  the  outer  malleolus,  and  joins  the 
shaft  about  the  twenty-first  year. 

"  The  OS  calcis  has  an  epiphysis  for  its  posterior  extremity 
It  forms  a  cartilaginous  shell  for  that  part  of  the  bone.  It 
does  not  commence  to  ossify  until  the  tenth  year,  and  does 
not  join  the  body  of  the  bone  until  fifteen  or  sixteen. 

In  removino-  the  lower  ends  of  the  tibia  and  fibula  the 

o 

greater  part  of  the  anterior  and  posterior  tibio-fibular  liga- 
ments, together  with  the  interosseous  ligament,  are  saved,  while 
the  transverse  or  inferior  ligament  is  cut  away  with  the  bones. 

Instruments. — A  stout  narrow  knife,  Avith  a  blade  three 
inches  long,  a  narrow  but  rounded  point,  and  a  large 
strong  handle ;  a  scalpel ;  a  saw  ;  two  metal  retractors  to  hold 
back  the  flaps  when  sawing  the  leg  bones;  lion  forceps;  pressure 
forceps  ;  artery  and  dissecting  forceps,  scissors,  etc. 

Position. — The  patient  lies  on  the  back,  with  the  foot  pro- 
jecting beyond  the  end  of  the  table,  and  the  toes  pointing 
upwards.  The  surgeon  sits  facing  the  end  of  the  table.  The 
lower  end  of  the  leg  is  raised  on  a  Volkmann's  pelvic  support 
to  the  level  of  the  surgeon's  face.  The  surgeon  sits  to  cut  the 
heel  flap,  and  stands  to  cut  the  dorsal  flap  and  to  disarticulate. 
Two  assistants  stand  facing  the  surgeon,  one  on  each  side  of 
the  end  of  the  table.  One  steadies  the  foot,  the  other  attends 
to  the  wound. 

The  Operation. — An  assistant  steadies  the  leg  with  one 
hand,  and  holds  the  foot — by  the  toes — rigidly  at  a  right  angle 
to  the  leg  with  the  other  hand. 

1.  The  Heel  Flap. — The  incision  starts  from  the  tip  of  the 
outer  malleolus,  and  in  a  line  nearer  to  its  posterior  than  its 
anterior  border. 

It  is  carried  vertically  down  the  heel,  exactly  at  right 
angles  to  the  long  axis  of  the  foot,  runs  transversely  across 
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the  sole,  and  passing  up  vertically  on  the  inner  side  of  the 
heel,  ends  at  a  point  about  half  an  inch  below  the  tip  of  the 
inner  malleolus  (Fig.  118,  d). 

In  making  this  incision,  supposing  the  right  foot  to  be 
operated  on,  the  surgeon  holds  the  ankle  with  the  palm  of  his 
left  hand  on  the  dorsum  of  the  foot,  with  his  thumb  on  the 
outer  malleolus,  and  his  forefinger  on  the  inner  malleolus. 

Entering  the  knife  at  the  inner 
startmg-point,  the  incision  is  carried 
down  to  the  sole  and  then  across 
the  plantar  aspect  of  the  os  calcis  at 
one  cu  t.  The  knife  is  now  re-entered 
at  the  outer  starting-point,  and  is 
carried  down  to  meet  the  first  in- 
cision at  the  sole.  If  an  attempt 
be  made  to  perform  the  incision  at 
one  cut,  and  to  make  the  outer  limb 
of  the  incision  by  cutting  from  the 
heel  towards  the  leg,  the  knife  may 
slip  and  cut  too  far  up  into  the  leg, 
running  by  the  starting-point.  On 
the  left  foot  the  same  precaution  is 
observed,  but  the  incision  is  com- 
menced on  the  outer  side. 

This  incision  should  be  carried 
well  and  cleanly  down  to  the  bone. 
The  heel  flap  is  now  dissected  back  : 
the  thumb-nail  of.  the  left  hand  is 
used  with  force  to  drag  back  the 
soft  parts,  while  the  knife  is  kept 
well  on  to  the  bone  and  parallel  to  the  surface  of  the  flap. 
The  OS  calcis  must  be  laid  perfectly  bare.  The  great  point  in 
Syme's  amputation  is  to  "  keep  close  to  the  bone." 

The  flap  must  be  cleared  from  the  tuberosities  of  the  os 
calcis,  and  then  from  its  posterior  surface. 

2.  The  Dorsal  Incision. — The  surgeon  now  holds  the  foot 
in  the  left  hand  in  the  position  of  the  full  extension,  and  con- 
nects the  extremities  of  the  heel  incision  by  a  cut  which  simply 
sweeps  across  the  front  of  the  ankle  region.  The  dorsal  and 
the  heel  incisions  are  about  at  right  angles  to  one  another 


Fig.    118. — PLANTAH  INCISIONS. 

A,  Lisfranc  ;  B,  Cliopart  ;  c, 
Pirogoff  ;  d,  Syme  ;  K,  Fara- 
beiif's  subastragaloid  ampu- 
tation ;  F,  Farabeuf's  ampu- 
tation at  the  ankle. 


SYME'S  AMVUTATION. 


447 


(Fig.  119).  The  cut  includes  all  the  soft  pcarts  dowi  to  the 
bone.  The  tendons  must  be  cleanly  divided  while  the  foot  is 
kept  on  the  stretch. 

3.  The  Disarticulation.— The  ankle-joint  is  at  once  ex- 
posed, the  anterior  ligament  having  been  severed.  The  knife 
is  now  introduced  into  the  joint  and  the  lateral  ligaments  are 
divided,  in  both  instances  by  cutting  from  within  outwards. 
These  complex  ligaments  are  difficult  to  cut  if  attacked  from 
the  outer  side  of  the  articulation.  The  posterior  ligament  is 
cut,  the  upper  surface  of  the  os  calcis  is  cleared,  and  by  the 
division  of  the  tendo  Achillis  the  dis- 
articulation is  completed. 

4.  TheRemoval  of  the  Malleoli. — The 
soft  parts  are  cleared  from  the  tAvo 
malleoli  and  the  lower  end  of  the  tibia, 
gTeat  care  being  taken  not  to  damage 
the  flaps.  The  exposed  bones  are  then 
divided  by  a  horizontal  saw-cut,  the  saw 
being  applied  about  a  quarter  of  an 
inch  above  the  inferior  margin  of  the 
tibia. 

n^^         n  i  i      i     1      1  Tiff-  119. — SYME'S  AMPUTA- 

Ihe  flaps  may   be  protected   by        tion  of  the  foot. 
spatula?  during  the  sawing.   If  it  should 
be  necessary,  the  malleoli  may  be  held  with  lion  forceps. 

Before  the  wound  is  adjusted  by  sutures,  a  hole  may  be 
made  in  the  centre  of  the  heel  flap,  and  a  drainage-tube 
introduced. 

Hcemorrhage.—The  anterior  tibial  artery  is  cut  in  the 
dorsal  flap  just  opposite  the  centre  of  the  front  of  the  ankle. 
The  external  and  internal  plantar  arteries  are  divided  in 
the  inner  section  of  the  heel  flap.  The  two  vessels  are  close 
together.  The  following  vessels  may  give  rise  to  haemorrhage  ; 
the  internal  malleolar  of  the  posterior  tibial  behind  the  inner 
malleolus;  the  anterior  peroneal  in  front  of  the  tibio-fibular 
joint ;  the  external  and  internal  malleolar  of  the  anterior  tibial 
in  front  of  their  corresponding  malleoli.  The  internal 
saphenous  vein  is  cut  in  the  dorsal  flap,  the  external  in  the 
heel  flap. 

Comment. — This  amputation  gives  admirable  results,  and 
secures  a  sound  and  firm  stump.    The  patient  walks  upon 
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the  natural  tissues  of  the  heel.  The  tondo  Achillis  forms  an 
attachment  with  the  mass  of  the  cicatrix.  With  a  properly 
adapted  boot,  a  patient  after  Syme's  amputation  can  walk  with 
httle  appreciable  lameness. 

The  mortality  of  this  operation  in  338  cases  is  97  per  cent. 
( Ashhurst). 

The  following  special  points  in  the  operation  must  be 
noted  : — 

1.  It  is  important  that  the  flap  should  be  accurately  cut. 
In  some  text-books  it  is  advised  that  the  incision  be  carried 
from  the  tip  of  the  outer  malleolus  to  a  point  half  an  inch 
behind  and  below  the  inner  malleolus.  If  this  be  done,  there 
is  great  probability  that  the  posterior  tibial  artery  will  be 
divided  before  its  bifurcation,  and  the  main  artery  of  the  flap 
(the  internal  calcaneal  of  the  external  plantar)  be  thus  lost. 

The  following  are  Syme's  own  words  : — "  The  incisions  mast 
be  correctly  made.  A  transverse  one  should  be  carried  across 
the  sole  of  the  foot,  from  the  tip  of  the  external  malleolus,  or  a 
little  posterior  to  it  (rather  nearer  the  posterior  than  the 
anterior  edge  of  bone)  to  the  opposite  point  on  the  inner  side, 
which  will  be  rather  below  the  tip  of  the  internal  malleolus." 
Thus  the  inner  part  of  the  heel  flap  is  a  little  larger  than  the 
outer. 

If  the  flap  be  too  large,  there  is  great  difliculty  in  dissect- 
ing it  back,  and  it  will  probably  be  dangerously  scored  and 
bruised  in  the  attempt. 

2.  In  clearing  the  os  calcis,  the  periosteum  may  be  at  the 
same  time  peeled  ofl" — as  many  advise — and  so  made  to  form 
an  important  constituent  of  the  heel  flap.  In  young  subjects 
(under  the  age  of  fourteen  years)  the  posterior  epiph^'sis  of  the 
OS  calcis  may  be  detached  and  left  undisturbed  in  the  flap. 

In  such  subjects  it  generally  comes  away  during  the 
process  of  clearing  the  os  calcis. 

In  still  younger  patients — say  those  under  ten — the  super- 
ficial parts  of  the  os  calcis  will  be  found  imperfectly  ossified, 
and  chunks  of  the  soft  bone  may  be  cut  away  in  a  too 
vigorous  clearing  of  the  heel  flap. 

3.  It  is  desirable  that  all  the  articular  surface  of  the  tibia 
should  be  removed,  and,  as  the  under-surface  of  the  bone  is 
much  domed,  the  section  must  be  made  as  high  up  as  a  quarter 
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of  an  inch  to  quite  clear  the  summit  of  the  concavity.  In 
young  patients  the  whole  of  the  lower  epiphysis  may  be 
removed  by  a  too  liberal  use  of  the  saw;  the  measurement 
(quarter  of  an  inch)  refers  to  adults. 
Other  Methods. 

Roux's  Operation. — This  is  a  modified  form  of  the  oval 
method. 

The  dorsal  incision  is  commenced  at  the  ]30sterior  edge 
of  the  outer  face  of  the  os  calcis,  is  carried  forwards  just  below 
the  external  malleolus,  and  then  crosses  the  dorsum  of  the  foot 
one  inch  in  front 
of  -  the  ankle- 
joint,  to  a  point 
between  the  tu- 
bercle   of  the 
scaphoid  and 
the  .inner  mal- 
leolus, and  on  a 
level  with  the 
tip  of  the  latter 
process  (Fig. 

120).  Fig.   120. — EOUX'S  AMPUTATION. 

The  plantar 

incision  starts  from  the  last-named  point,  and  curving  for- 
wards a  little,  crosses  the  inner  border  of  the  foot,  at  about 
the  level  of  the  scaphoid.  It  is  then  carried  across  the 
sole  to  a  point  about  one  inch  behind  the  tuberosity  of  the 
fifth  metatarsal  bone,  and  thence  up  to  the  point  de  depart. 
The  flaps  are  dissected  back  as  far  as  possible,  the  foot  is  dis- 
articulated, and  the  soft  parts  are  then  dissected  away  from 
the  inner  side  of  the  os  calcis  in  somewhat  the  same  manner 
as  is  described  in  Farabeuf  s  subastragaloicl  amputation. 

The  malleoli  are  removed  as  in  Syme's  amputation. 

The  procedure  is  difiicult  and  tedious,  and  is,  on  the  whole, 
inferior  to  Syme's  operation.  The  flap,  if  well  cut,  is  certainly 
better  nourished,  but  a  greater  demand  is  made  upon  the 
integuments  of  the  foot. 

Farabeuf  s  Operation. — In  all  essential  points  this  opera- 
tion is  identical  with  the  subastragaloid  amputation  of  the 
same  surgeon  (page  436). 

D  D 
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The  incision  is  commenced  on  the  outer  side  at  the 
insertion  of  the  tendo  AchiUis.  It  is  carried  horizontally 
forward  (touching  the  tip  of  the  external  malleolus)  to  a  point 
just  in  front  of  the  calcaneo-cuboid  joint  (corresponding  to  b, 
Fig.  114).  It  then  crosses  the  dorsum  to  reach  the  extensor 
l)roprius  pollicis  tendon,  just  in  front  of  the  astragalo-scaphoid 
joint  (corresponding  to  x,  Fig.  114).  It  now  sweeps  over  the 
inner  border  of  the  foot,  crossing  the  scapho-cuneiform  joint 
(corresponding  to  x  to  c.  Fig.  114  and  b,  Fig.  12]),  and  is 
then  carried  back  along  the-  median  line  of  the  sole  (corre- 
sponding to  D  to  E,  Fig.  114,  and  f,  Fig.  118),  to  end  at  the 
insertion  of  the  tendo  Achillis.  The  flaps  are  dissected  back 
as  far  as  convenient,  the  ankle-joint  is  opened  from  the  outer 
aspect  of  the  foot,  and  the  disarticulation  and  the  clearing 
of  the  OS  calcis  are  effected  precisely  in  the  manner  already 
described. 

A  good  thick  vascular  flap  is  provided,  but  the  operation 
is  less  easy  to  execute  than  Syme's,  and  has  no  distinct  advan- 
tage over  that  admirable  procedure. 

B. — INTRA-CALCANEAL  AMPUTATIONS  OF  THE  FOOT. 

Pirogolf's  Operation. — This  operation  closely  resembles 
Syme's,  save  that  the  os  calcis  is  sawn  through,  and  its  hinder 
part  is  left  in  the  heel  flap.  The  lower  ends  of  the  tibia  and 
fibula  are  sami  through,  and  to  this  cut  surface  of  bone  the 
surface  of  the  divided  os  calcis  is  adjusted. 

The  operation  usually  described  is  a  modification  of 
Pirogoff's  original  procedure.  Pirogoff  divided  the  calcaneum 
vertically,  and  left  the  articular  surface  of  the  tibia,  unless  it 
was  diseased. 

Position  and  Instruments. — The  same  as  in  Syme's 
operation.  The  saAv  should  either  be  a  fine  Butcher's  saw, 
or  a  slender  saw  with  a  movable  back.  Retractors  are 
required. 

Operation.— The  incisions  are  nearly  the  same  as  in  Syme's 
operation,  with  these  modifications : — They  commence  on  the 
outer  side,  just  in  front  of  the  tip  of  the  malleolus,  and  end  on 
the  inner  side  a  few  lines  in  front  of  the  internal  process.  The 
heel  incision  is  carried  a  little  farther  forward  than  in  Syme's 
operation  (Fig.  118,  c).    It  is  carried  well  down  to  the  bone. 
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The  soft  parts  are  dissected  backwards  from  the  os  calcis  for 
about  a  quarter  of  an  inch. 

The  dorsal  cut  is  then  carried  out,  and  may  be  a  little 
more  convex  than  in  Syme's  amputation.  The  ankle-joint 
is  opened,  and  disarticulation  effected  precisely  as  already 
described. 

The  foot  is  now  dragged  forward  and  placed  in  the  position 
of  full  extension. 

The  whole  of  the  upper  surface  of  the  os  calcis  is  exposed. 
The  saw  is  now  applied  to  this  surface,  one  finger's-breadth 
behind  the  astragalus,  and  is  made  to  cut  the  bone  obliquely, 
following  the 
lines  of  the 
now  distorted 
heel  -  incision. 
In  sawing  the 
bone,  the  soft 
parts  must  be 
carefully  re- 
tracted, and,  in 
the  position  in 
whicb  the  foot 
is  held,  the  saw 
runs  nearly 
vertically  (Fig. 
121,  c).  The 
greatest  care 

must  be  taken  not  to  damage  the  arteries  in  the  inner  part  of 
the  heel  flap. 

The  soft  parts  are  now  dissected  from  the  lower  ends  of 
the  tibia  and  fibula.  The  saw  is  applied  to  the  anterior  aspect 
of  these  bones,  close  to  the  articular  surface  of  the  tibia,  and  is 
made  to  cut  so  obliquely  upwards  that  the  saw  emerges  on 
the  posterior  aspect  of  the  tibia,  a  finger's-breadth  above  the 
articular  surface  (Fig.  121,  c).  Any  unduly  long  tendons 
are  divided.  The  wound  is  sutured  as  in  Syme's  operation, 
the  cut  svu'faces  of  bone  being  thus  brought  into  close 
contact. 

Care  must  be  taken  in  the  after-treatment  that  the  heel 
fragment  is  not  drawn  up  by  the  tendo  Achillis, 


Fig.  121. — A,  Farabeuf's  subastragaloid  amputation  ;  B,  Fara- 
beuf's  amputation  at  the  ankle-joint ;  c  c,  Saw-cuts  in 
Pirogoff's  operation  ;  D  D,  Saw-cuts  in  Pasquier  and  Le 
Fort's  operation ;  D  shows  also  the  saw-cut  made  in  the 
OS  calcis  in  Tripier's  operation. 


462 


OPEB.ATIVE  SURGE  BY. 


The  vessels  divided  are  the  same  as  in  the  preceding 
operation. 

Comment. — Some  surgeons  make  much  larger  heel  flaps, 
carrying  the  incision  forwards  and  downwards,  so  as  to  cross 
the  calcanco-cuboid  joint,  instead  of  directing  it  nearly  ver- 
tically dowmvards  from  the  malleoli. 

This  operation  does  not  appear  to  have  been  very  widely 
employed.  It  is  suited  for  certain  cases  of  accident,  but  not 
for  cases  of  disease. 

It  presents  these  advantages  when  compared  with  Syme's 
operation : — 

The  heel  flap  is  much  less  likely  to  slough ;  the  stump  is 
longer  by  one  or  two  inches,  is  firmer,  does  not  shrink,  and 
contains  bone ;  the  insertion  of  the  tendo  Achillis  is  not  dis- 
turbed. On  the  other  hand,  Pirogofl''s  operation  is  no  easier  to 
perform  than  Syme's ;  the  piece  of  bone  in  the  heel  is  apt  to 
become  displaced  by  the  action  of  the  calf  muscles ;  it  may 
fail  to  unite,  may  necrose,  and  has  led  to  a  painful  stump ;  a 

Avider  section  of  cancellous  bone 
is  left,  and  greater  demands 
are  made  upon  the  healing 
powers.  The  operation  would 
not  be  likely  to  succeed  with 
elderly  subjects.  So  far  as 
movement  is  concerned,  it  has 


122. — PASaUIEE    AND    LE  FORT'S 
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not  been  shown  that  the  stump 
is  alwaj^s  very  decidedly  im- 
proved by  the  retention  of  a 
portion  of  the  calcaneuin. 

Le  Fort's  Operation. — This 
is  a  modification  of  Pirogoft's 
procedure.  It  is  described  by  Farabeuf  as  "Pasquier-Le  Fort's 
operation." 

The  skin  incisions  are  somewhat  the  same  as  in  Roux's 
method,  with  the  exceptions  that  the  incision  on  the  outer 
side  is  carried  back  to  the  insertion  of  the  tendo  Achillis  and 
the  wound-lines  conform  to  the  racket  rather  than  to  the 
oval  operation  (Fig.  122). 

The  calcaneum  is  cut  horizontally  just  below  the  sustenta- 
culum taU  (Fig.  121,  D). 
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The  incision  having  been  carried  to  the  bone,  the  soft  parts 
are  dissected  back  as  far  as  possible,  especially  on  the  dorsum 
and  about  the  external  part  of  the  wound.  The  ankle-joint  is 
opened  from  the  outer  side,  the  anterior  and  external  ligaments 
being  first  attacked.  The  disarticulation  is  made  complete, 
and  the  foot  rotated  very  strongly  outwards,  so  that  the . 
astragalus  presents  at  the  outer  part  of  the  wound. 

The  astragalus  is  now  seized  with  large  lion  forceps  and 
turned  (together  with  the  whole  foot)  still  more  outwards, 
until  at  last  the  forceps  are  quite  horizontal.  The  upper  portion 
of  the  OS  calcis  is  carefully  cleaned,  and  all  the  part  of  the  bone 
that  requires  removal  will  now  be  seen  in  the  outer  wound, 
the  inner  surface  of  the  os  calcis  looking  directly  upwards. 
The  saw  is  applied  to  the  surface,  just  below  the  sustenta- 
culum tah,  and  the  bone  is  divided  quite  horizontally.  The 
insertion  of  the  tendo  Achillis  is  preserved.  The  inferior  and 
lateral  ligaments  of  the  calcaneo-cuboid  joint  having  been 
divided,  the  foot  is  free. 

The  lower  ends  of  the  tibia  and  fibula  are  sawn  through 
horizontally,  just  above  the  articular  surface  for  the  ankle- 
joint  (Fig.  121,  d). 

It  is  claimed  that  this  procedure  is  superior  to  Pirogoff's, 
on  the  following  grounds : — A  good  thick  flap,  well  supiDlied 
with  blood,  is  provided.  A  larger  amount  of  the  soft  parts  that 
cover  the  heel  is  saved.  The  whole  length  of  the  os  calcis 
rests  upon  the  ground,  and  the  patient  is  provided  with  a  wider 
area  of  support.  The  parts  are  left  in  a  more  natural 
position. 

Tripier's  Operation.— This  operation  is  really  a  modifi- 
cation of  Chopart's  amputation. 

In  that  procedure  some  difficulty  is  often  experienced  by 
the  tilting  of  the  heel-stump  in  the  position  of  talipes  equinus. 
Tripier  seeks  to  avoid  this  by  making  a  wide  horizontal 
section  of  the  os  calcis,  so  that  the  stump  may  present  a  broad 
and  level  basis  of  support.    An  excellent  flap  is  provided. 

The  dorsal  incision  has  its  concavity  upwards  and  inwards. 
It  commences  at  the  outer  edge  of  the  tendo  Achillis,  on  a 
level  with  the  tip  of  the  external  malleolus.  It  sweeps 
forwards  about  one  inch  below  that  point  of  bone,  passes  a 
finger's-breadth  behind  the  tuberosity  of  the  metatarsal  bone, 
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and  ends  at  the  inner  side  of  the  extensor  proprius  polhcis 
tendon,  two  fingers'-brcadths  in  front  of  the  ankle-joint.  The 
plantar  incision  commences  at  this  point,  is  carried  over  the 
inner  cuneiform  bone  at  the  internal  margin  of  the  foot,  sweeps 
with  a  curve  across  the  sole,  reaches  the  outer  edge  of  the 
foot  about  the  base  of  the  fifth  metatarsal,  and  then  joins  the 
dorsal  incision  (Fig.  123). 

The  incision  extends  to  the  bone.  The  flaps  are  dissected 
back  so  as  to  make  clear  the  medio-tarsal  joint.  Disarticula- 
tion is  now  effected  as  in  Chopart's  operation.  With  a 
rugine  the  whole  of  the  under  part  of  the  os  calcis  is  bared 
of  periosteum,  the  plantar  flap  having  been  dissected  up  as 
high  as  the  sustentaculum  tali.    The  os  calcis  is  now  seized 

with  lion  forceps  and  so  turned  as  to 
well  expose  its  inner  surface.  The  saw- 
cut  is  made  horizontally,  just  below  the 
sustentaculum,  and  runs  from  the  inner 
to  the  outer  surface  (Fig.  121,  d).  The 
angle  which  the  cut  surface  of  the  os 
calcis  forms  with  the  cuboid  surface  of 
that  bone  is  finally  rounded  off  with  the 
saw,  and  the  operation  is  complete. 

THE  AFTER-TREATMENT  OF  AMPUTATIONS 
OF  THE  FOOT.. 

Many  of  the  observations  already 
made  with  reference  to  the  after-treat- 
ment of  amputations  of  the  toes  and  of 
portions  of  the  foot  apply  to  the  present 
procedures. 

The  stump  should  be  kept  exposed  to 
the  air. 

The  limb  should  be  a  little  raised 
upon  a  firm  pillow. 

A  back-splint  should  be  adjusted 
precisely  as  advised  in  the  case  of  some 
of  the  previous  operations  (page  309,  Fig.  76). 

Care  must  be  taken  that  the  pad  of  the  splmt  does  not 
press  unduly  upon  the  extremity  of  the  stump.  This  splint 
serves  to  sujpport  the  heel  flap,  and,  in  the  case  of  the  intra- 
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calcaneal  amputations,  it  helps  also  to  keep  the  osseous  surfaces 
in  contact,  and  to  restrain  the  action  of  the  muscles  of  the 
calf 

The  knee  should  in  all  instances  be  a  little  bent,  and  the 
stump  may,  when  required,  be  inchned  a  little  laterally,  to 
favour  drainage. 

Drainage-tubes  should  not  be  employed  when  their  use 
can  be  avoided.  They  should  never  be  passed — as  is  some- 
times done  in  Syme's  operation — right  across  the  angle  of  the 
wound  from  one  extremity  of  the  incision  to  the  other.  In 
the  intra-calcaneal  methods  a  short  piece  of  tubing  may  be 
inserted  at  the  most  dependent  part  of  the  wound,  or  the 
wound  be  allowed  to  gape  a  little  at  that  point. 

Where  a  heel  flap  exists,  Avith  a  pouch  beneath,  left  by  the 
removal  of  the  os  calcis — as  in  Syme's  operation — a  hole  may 
be  made  into  the  pouch  through  the  centre  of  the  flap,  and  a 
short  length  of  tubing  introduced.  This  need  not  be  retained 
for  longer  than  a  day. 

When  the  major  flap  is  formed  frorti  the  heel  or  sole,  it 
should  be  remembered  that  the  tissues  of  those  parts  are 
usually  tough  and  unyielding,  and  that  consequently  an  undue 
strain  comes  upon  the  sutures.  These  should  be  deeply 
inserted,  and  should  not  be  removed  too  soon.  In  a  "  Syme  " 
they  may  often  be  retained  for  ten  days.  After  their  removal 
it  may  be  necessary  to  support  the  flaj)  with  strips  of 
strapping. 


456 


CHAPTER  XXVII. 

OSTEO-PLASTIC  RESECTION  OF  THE  FoOT. 

This  operation  was  designed  by  Wladimiroff  in  1872,  and 
independently  by  Mickulicz  in  1881. 

It  consists  in  the  removal  of  the  soft  parts  covering  the 
heel,  together  with  the  os  calcis  and  astragalus,  and  in  bringing 
into  contact  the  sawn  surfaces  of  the  tibia  and  fibula  on  the 
one  hand,  and  those  of  the  cuboid  and  scaphoid  on  the  other. 
The  foot  is  thus  fixed  in  the  ]30sition  of  talipes  equinus,  and 
the  patient  Avalks  upon  the  balls  and  phalanges  of  the  toes. 
The  whole  of  the  skin  covering  the  heel  is  of  necessity  lost. 

The  best  account  of  the  operation,  together  with  an 
abstract  of  nineteen  cases,  and  a  full  bibliograph}'-,  is  given 
by  Dr.  C.  Fenger  (Journ.  of  the  J.mer.  Med.  Assoc.,  January 
29th,  1887). 

Operation. — The  foot  must  be  brought  well  beyond  the 
end  of  the  table,  and,  the  knee  having  been  bent,  the  foot  is 
turned  upon  its  side.  Or  the  patient  may  be  more  con- 
veniently placed  in  the  prone  position,  the  heel  being  thus 
directed  upwards. 

The  same  instruments  are  required  as  are  used  in  Piro- 
goffs  operation,  with  the  addition  of  a  periosteal  elevator. 
The  following  are  the  steps  of  this  somewhat  complex 
procedure  : — 

1.  A  transverse  incision  is  made  across  the  sole  of  the 
foot,  from  the  tuberosity  of  the  scaphoid  to  a  point  a  little 
behind  the  base  of  the  fifth  metatarsal  bone.  From  the 
extremities  of  this  cut  an  incision  is  carried  obliquely  upwards 
and  backwards,  on  cither  side  of  the  foot,  to  the  bases  of  the 
malleoli.  The  two  extremities  of  the  cut  are  finally  connected 
by  a  horizontal  incision  which  crosses  over  the  tendo  Achillis 
and  completes  the  wound  (Fig.  124,  e  f  g).  The  incision  is 
carried  well  down  to  the  bone  at  all  parts.    The  plantar  vessels 
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are  divided  at  the  inner  part  of  the  wound,  on  its  plantar 
aspect. 

2.  The  foot  is  now  flexed  to  its  utmost  upon  the  leg,  and 
while  in  this  position  the  ankle-joint  is  freely  opened  from 
behind,  the  tendo  Achilhs  having  been  of  course  divided, 
together  with  all  the  ligaments. 

Disarticulation  at  the  ankle  is  eftected  and  the  foot  still 
further  flexed  upon  the  leg. 

3.  The  soft  parts  of  the  dorsum  are  now  separated  from  the 
astragalus  with  an  elevator,  the  instrument  travelling  from 
behind  forwards. 
This  may  be 
done  subperi- 
osteally,  so  as  to 
avoid  any  injury 
to  the  anterior 
tibial  artery  or 
the  extensor 
tendons. 

4.  The  cal- 
caneo  -  cuboid 
and  astragalo- 
scaphoid  joints 
are  opened  from  above,  and  the  whole  of  the  heel,  together 
with  the  OS  calcis  and  astragalus,  removed. 

5.  The  lower  ends  of  the  tibia  and  fibula  are  now  sawn 
through  horizontally,  high  enough  up  to  just  clear  the  articular 
surface  of  the  former  (Fig.  124,  a  b).  The  joint-surfaces  of 
the  scaphoid  and  cuboid  are  removed  by  a  vertical  saw-cut 
(Fig.  124,  c  D). 

6.  The  two  cut  surfaces  of  bone  are  brought  together,  and 
are  retained  in  contact  by  sutures  of  kangaroo-tendon  or  of 
silver  wire  ;  the  divided  ends  of  the  post-tibial  nerve  are 
united  if  possible.  The  superficial  wound  is  closed  and  drained, 
and  the  foot — now  in  the  position  of  extreme  talipes  equinus — 
is  fixed  upon  a  special  splint,  and  secured  in  position  by  a 
plaster-of-Paris  dressing. 

The  soft  parts  on  the  dorsum  are  redundant,  and  are 
thro^vn  into  folds,  but  in  time  they  shrink  and  the  surface 
becomes  even.    The  limb,  if  adjusted  to  a  sphnt  in  the  first 


Fig.  124. — OSTEO-PLASTIC  EESECTION  OF  THE  FOOT. 

A  B  and  0  D,  Saw-cuts  ;  B  F  G,  Skin  incisions. 
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instance,  should  be  fixed  in  plaster  of  Paris  as  soon  as  possible. 
When  the  patient  begins  to  walk,  a  special  boot  has  to  be  worn 
(Fig.  125),  so  as  to  maintain  the  parts  rigidly  in  the  position 
of  talipes  equinus. 

It  is  claimed  that  osseous  union  takes  place  between  the  cut 
surfaces  of  bone.    The  parts  be^^ond  the  operation  area  are 

nourished  by  the  dorsahs  pedis 
artery  and  by  its  anastomoses 
with  the  plantar  vessels. 

As  a  result  of  the  operation 
the  limb  is  usually  a  little 
lengthened. 

Comment.  —  Dr.  Fenger  has 
collected  nineteen  examples  of 
this  procedure,  in  thirteen  of 
which  the  oj)eration  was  per- 
formed for  tubcrcidar  caries. 
Out  of  the  full  number  two 
died,  some  six  or  eight  months 
after  the  operation,  of  general 
tuberculosis  ;  twelve  made  a  good 
recovery  and  wallced  with  more 
or  less  ease ;  in  five  a  failvire 
followed,  with  the  result  that  in 
three  cases  amputation  of  the  leg  was  called  for. 

The  indications  given  for  the  procedure  are  the  following : — 
Extensive  injuries  of  the  heel  region ;  caries  of  the  os  calcis 
and  astragalus,  with  disease  of  the  neighbouring  joints ;  cases 
of  destructive  a,nd  intractable  ulceration  of  the  skin  of  the 
heel ;  some  instances  of  cicatricial  contraction  of  the  foot,  with 
inconvenient  deformity. 

This  operation  is  still  on  its  trial,  and  has  been  subjected  to 
much  adverse  criticism. 

The  supporters  of  it  probably  lay  too  much  stress  upon  the 
importance  of  preserving  every  possible  scrap  of  the  foot.  It 
is  a  question  whether  the  patients  subjected  to  this  operation 
would  walk  better  than,  or  even  as  well  as,  those  who  had  had  the 
entire  foot  removed,  and  had  been  provided  with  a  good  artificial 
limb.  The  present  operation  should  not  be  entertained  when 
the  integuments  of  the  heel  are  sound,  because  it  is  certainly 


Fig.  12o.— ASPECT  OF  LIMB  AND 
INSTRUMENT  0X3  BE  WORN  AETEE 
OSTEO-PLASTIC  RESECTION  OF  THE 

FOOT.  {Ji)-it.  Med.  Jottrn.,  May, 
1888.) 
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a  procedure  inferior  to  Syme's  amputation.  The  process  of 
recovery  is  very  slow ;  some  of  the  patients  were  unable  to 
walk  well  imtil  seven,  twelve,  or  fifteen  months  had  elapsed ; 
others,  on  the  other  hand,  could  walk  without  the  boot. 

Moreover,  the  operation,  to  be  successful,  requires  good 
powers  for  repair,  and  such  powers  are  not  always  to  be  ex- 
pected in  the  subjects  of  tubercular  caries.  The  operation 
requires  a  perfectly  sound  condition  of  the  integuments  of  the 
dorsum  of  the  foot — a  condition  well  adapted  for  a  supra- 
malleolar amputation  with  a  long  anterior  flap. 

The  operation  would  seem  to  be  best  suited  to  cases  of  in- 
tractable ulceration  of  the  heel,  to  cases  of  gunshot  injury,  and 
to  some  examples  of  inconvenient  deformitj-. 
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CHAPTER  XXVIII. 

Amputation  of  the  Leg. 

Amputation  of  the  leg  was  at  one  time  performed  almost  ex- 
clusively at  the  "  place  of  election,"  i.e.,  at  a  point  a  hand's- 
breadth  below  the  line  of  the  knee-joint. 

At  this  point  the  bones  were  divided.  The  selection  of 
this  spot  was  determined  by  the  subsequent  needs  of  the 
patient.  The  only  prosthetic  apparatus  he  could  avail  himself 
of  was  the  "  box-leg  "  or  "  peg-leg."  With  this  appliance  the 
knee  was  maintained  bent,  and  the  weight  of  the  body  was 
supported  upon  the  tubercle  and  tuberosities  of  the  tibia. 
The  amputation  at  the  place  of  election  secured  this  point 
d'appui,  and  at  the  same  time  left  no  inconveniently  long 
stump  projecting  backwards  from  the  peg-leg. 

The  great  improvements  effected  in  modern  times  in 
artificial  limbs,  and  in  the  apparatus  adopted  for  cases  of 
amputation,  have  entirely  disturbed  the  "place  of  election." 
The  general  rule  in  present  operative  practice  is  to  remove  as 
little  of  the  limb  as  possible,  it  being  recognised  that  the 
danger  to  the  patient  increases — other  things  being  equal — 
with  the  height  of  the  amputation.  An  artificial  support  can 
be  adapted  to  the  stump  that  will  allow  the  limb  to  be  retained 
in  its  normal  position,  and  will  permit  the  movements  of 
the  knee-joint  to  be  still  made  use  of.  Even  if  the  amputa- 
tion be  performed  at  the  old  place  of  election,  it  is  by  no  means 
necessary  that  the  weight  must  be  borne  upon  the  anterior 
surface  of  the  tibia.  In  an  amputation  at  so  high  a  level, 
an  artificial  limb  can  still  be  employed  which  will  enable  the 
patient  to  retain  the  use  of  the  knee-joint. 

It  comes  to  pass,  therefore,  that  in  amputations  of  the  leg 
the  stump  must  be  able  to  bear  pressure,  the  bones  must  be 
well  covered,  and  the  cicatrix  should  not  be  terminal.  On 
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tliis  account  the  circular  method  is  in  no  way  adapted  for 
these  operations,  and  the  same  remark  applies  to  amputation 
by  lateral  flaps  of  equal  size.  In  both  these  procedures  the 
resulting  cicatrix  must  be  terminal  and  exposed  to  pressure. 

If  in  amputating  at  the  old  place  of  election  it  is  determined 
to  use  the  peg-leg,  and  to  forego  the  use  of  the  Icnee,  then  this 
question  of  pressure  upon  the  end  of  the  stump  ceases  to  be  of 
moment,  and  the  circular  amputation,  or  the  amputation  by 
equal  lateral  flaps,  may  be  carried  out.  It  may  certainly  be 
said  that  for  amputations  below  the  old  place  of  election  the 
two  last-named  methods  are  quite  unsuited. 

With  regard  to  the  planning  of  Jicq^s,  it  is  needless  to  point 
out  that  the  soft  parts  covering  the  front  of  the  limb  are  com- 
paratively scanty,  and  are  not  particularly  well  supplied  with 
blood.  On  the  posterior  aspect  of  the  limb  are  extensive 
muscular  layers  and  two  large  blood-vessels.  On  anatomical 
grounds  a  posterior  flap  is  to  be  preferred  to  an  anterior  one, 
inasmuch  as  it  affords  a  better  covering  to  the  bone,  is  better 
adapted  to  resist  pressure,  and  has  a  fuller  and  a  more  evenly 
distributed  blood-supply. 

In  any  case  in  which  the  major  flap  is  the  posterior 
one,  the  posterior  tibial  nerve  should  be  dissected  out,  so  that 
it  may  not  be  exposed  to  the  otherwise  inevitable  pressure. 
This  precaution  was  insisted  upon  by  Hey  many  years  ago. 

A  large  anterior  flap  must  of  necessit}''  be  composed  to 
some  extent  of  skin  alone. 

In  the  upper  third  of  the  limb  a  very  excellent  flap  may 
be  cut  from  the  antero-external  aspect  of  the  leg,  which  has 
not  this  disadvantage.  This  is  the  large  external  flap  (page  479), 
which  includes  in  its  whole  length  the  anterior  tibial  artery. 

In  general  terms,  it  may  be  said  that  the  cutting  of  flaps 
by  transfixion  in  these  amputations  is  to  be  condemned.  This 
especially  applies  to  the  formation  of  the  posterior  flap.  A 
flap  so  cut  is  apt  to  be  uncertainly  fashioned  as  regards  its 
shape  and  thickness.  The  main  blood-vessels  of  the  calf  can 
scarcely  escape  unnecessarily  high  division.  Moreover,  the 
very  unequal  manner  in  which  the  flexor  muscles  at  the  back 
of  the  leg  retract  on  division  renders  it  desirable  that  these 
muscular  planes  should  be  divided  with  precision. 

Before  sawing  the  bones,  the  interosseous  membrane  should 
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be  carefully  divided  with  a  scalpel,  so  that  it  may  not  be 
grazed  by  the  saw. 

In  dissecting  up  "  flaps— i.e.,  in  separating  the  soft  parts 
they  contain  from  the  bones  and  the  interosseous  membrane — 
the  forefinger  and  the  handle  of  the  scalpel  should  be  freely 
used  in  the  place  of  the  cutting  blade. 

General  directions  as  to  the  mode  of  sawing  the  bone  of  the 
leg  are  given  on  page  482. 

Stumps  left  after  amputation  of  the  leg  are  very  apt  to 
become  conical,  especially  in  the  lower  part  of  the  limk 

The  amputations  may  be  dealt  with  in  three  regions  : — 

A.  Supra-malleolar  amputation. 

B.  Amputation  through  the  middle  of  the  leg. 
c.  Amputation  at  the  "  place  of  election." 

A. — SUPRA-MALLEOLAR  AMPUTATION. 

Anatomical  Points. — These  amputations  concern  the 
lower  third  of  the  leg.  In  this  region  the  tibia  has  become 
more  rounded,  and  its  sharp  crest  has  entirely  disappeared. 
The  bone  is  expanded  transversely  at  the  level  of  the  base  of 
the  malleolus,  while  just  above  that  point  the  shaft  is  com- 
paratively slender. 

The  interosseous  space  is  disappearing,  and  before  the  ankle 
is  reached  the  tibia  and  fibula  are  in  close  contact. 

The  upper  band  of  the  anterior  annular  ligament  passes 
transversely  across  the  limb,  above  the  level  of  the  malleoli,  is 
attached  to  both  the  tibia  and  fibula,  and  binds  down  the 
vertical  portion  of  the  extensor  tendons.  The  whole  region  is 
surrounded  by  tendons. 

To  the  lower  third  of  the  tibia  no  muscular  fibres  are  at- 
tached; therefore  the  tibial  side  of  a  flap  is  easily  separated.  To 
the  corresponding  part  of  the  fibula  are  attached  portions  of  the 
muscular  origin  of  the  extensor  communis  digitorum,  extensor 
proprius  poUicis  and  peroneus  tertius  in  front,  of  the  peroneus 
brevis  externally,  and  of  the  flexor  longus  pollicis  behind. 

When  the  lower  third  of  the  limb  is  reached,  the 
gastrocnemius  and  soleus  have  joined,  while  the  muscular 
fibres  of  the  latter  muscle  are  rapidly  disappearing  into  the 
tendon.  The  other  tendons  about  this  segment  of  the  leg,  viz., 
those  of  the  tibialis  anticus,  tibialis  posticus,  peroneus  longus, 
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and  flexor  longus  cligitoruin,  are  still  accompanied  by  muscular 
fibre.  The  tendons  most  free  of  muscular  tissue  are  those  of 
the  tibialis  anticus  and  peroneus  longus.  The  largest  muscular 
mass  near  the  ankle  belongs  to  the  flexor  longus  pollicis. 

The  anterior  tibial  artery  lies  in  front  of  the  tibia,  between 
the  tibialis  anticus  and  extensor  communis  digitorum,  and  is 
crossed  obliquely  by  the  extensor  proprius  pollicis.  The  nerve 
is  placed  to  its  outer  side.  The  peroneal  artery  lies  close  to  the 
inner  border  of  the  fibula,  under  cover  of  the  flexor  longus 
pollicis,  and  just  above  the  malleolus  breaks  up  into  the  anterior 
and  posterior  peroneal  vessels.  The  posterior  tibial  artery  is 
comparatively  superficial  at  the  lower  third  of  the  leg ;  it  lies 
behind  the  imier  part  of  the  tibia,  and  skirts  the  outer  border 
of  the  flexor  longus  digitorum  muscle.  To  its  outer  side  lies 
the  posterior  tibial  nerve. 

The  long  saphenous  vein  passes  in  front  of  the  mner 
malleolus,  while  behind  the  external  malleolus  runs  the  short 
saphenous  vein. 

Methods. — The  follo^\^ng  methods  of  operating  will  be 
described : — 

1.  Oblique  elliptical  incision  (Guyon's  operation). 

2.  Modified  circular. 

3.  Oblique  elliptical  incision  (Duval's  operation). 

4.  Large  posterior  flap. 

5.  Teale's  amputation. 

Instruments. — A  small  amputation-knife  with  a  blade  of 
about  five  inches  ;  a  stout,  somewhat  narrow,  knife,  with  a  blade 
four  inches  long,  a  narroAv  but  rounded  point,  and  a  large, 
strong  handle  (this  would  be  a  modified  resection  knife, 
and  is  required  for  Guyon's  operation ;  it  may  also  be  used  to 
separate  the  anterior  or  posterior  flap  from  the  bones  in  the 
other  amputations) ;  a  scalpel,  an  amputating-saw,  retractors, 
pressure  forceps,  artery  and  dissecting  forceps,  scissors,  etc. 

Position. — The  patient  lies  on  the  back,  with  the  foot  and 
lower  part  of  the  leg  projecting  well  beyond  the  end  of  the 
table.  The  surgeon  should  stand  to  the  outer  side  of  the  right 
limb,  and  to  the  inner  side  of  the  left.  In  performing  Guyon's 
amputation,  he  may  more  conveniently  take  up  his  position  at 
the  foot  of  the  table. 

One  assistant  stands  or  sits  facing  the  end  of  the  table. 
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He  holds  the  foot,  and  manipulates  it  when  required,  during 
the  operation.  A  second  assistant  stands  facing  the  surgeon, 
and  attends  to  the  sponging,  etc. 

1.  Amputation  by  Oblique  Elliptical  Incision  (Guyon's 
Operation). — This  operation  a  httle  resembles  Syme's  ampu- 
tation. It  allows  the  terminal  part  of  the  stump  to  be  covered 
by  the  tissues  of  the  back  of  the  heel,  and  in.volves  a  low 
division  of  the  bones.  It  can  rightly  be  termed  a  supra- 
malleolar amputation,  and  the  me- 
dullary canals  of  the  bones  are  not 
opened  by  the  saw. 

The  incision  commences  in  front, 
at  a  point  just  opposite  the  line  of 
the  ankle-joint,  and  ends  behind,  over 
the  summit  of  the  curve  of  the  heel. 

Between  these  points  the  incision 
sweeps  in  a  slightly  curved  manner 
from  above  downwards  across  the 
ankle.  The  cut  on  the  inner  side 
just  skirts  the  malleolus ;  on  the 
outer  side  it  passes  a  little  in  front 
of  the  corrcsjaonding  process  (Fig. 
126,  A). 

In  making  the  skin  incision  the 
surgeon  holds  the  foot  in  his  left 
hand,  and  manipulates  it  himself 

In  dealing  with  the  right  foot  it 
is  convenient  to  turn  the  foot  in- 
wards, and  to  commence  the  incision  at  the  heel  and  on  the 
outer  side. 

The  knife  then  traverses  the  external  side  of  the  Hmb,  and 
reaches  the  front  of  the  ankle.  The  foot  being  now  turned 
outwards,  the  incision  is  carried  back  along  the  inner  side  of 
the  foot  to  the  heel  again.  On  the  left  side,  the  foot  having 
been  turned  inwards,  the  incision  may  be  commenced  in  front, 
and  be  carried  back  to  the  heel  along  the  outer  aspect  of  the 
limb.  When  the  foot  has  been  turned  outwards,  the  ellipse  is 
completed  by  drawing  the  knife  from  the  heel  to  the  starting- 
point  across  the  inner  side  of  the  ankle. 

The  first  incision  involves  merely  the  skin  and  the  sub- 
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'ig.  126. — A,  Guyon's  supra- 
inalleolar  am])utation ;  (a), 
saw-line  for  that  operation  ; 
B,  Duval's  supra-malleolar 
amputation ;  {b)  saw-line  for 
this  operation. 
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cutaneous  tissues.  The  surgeon  then  proceeds  to  dissect  up  the 
posterior  or  heel  flap.  This  must  inchide  all  the  soft  parts 
down  to  the  bone.  An  exception  may  be  made  of  the  peronei 
tendons  behind  the  external  malleolus.  They  need  not  be 
disturbed,  and  should  not  be  divided  until  a  level  above  the 
ankle-jomt  has  been  reached.  Great  care  must  be  taken 
of  the  vessels  on  the  inner  side  of  the  os  calcis.  The  tendo 
Achillis  is  cut,  and  the  soft  parts  are  cleared  away  from  the 
bones  of  the  leg  up  to  a  point  about  two 
inches  above  the  tips  of  the  malleoli.  It  is 
convenient  to  sit  in  order  to  dissect  up  the 
posterior  flap. 

The  foot  should  now  be  extended,  and  the 
anterior  incision  carried  well  down  to  the 
bone,  care  being  taken  to  avoid  opening  the 
ankle-joint.  The  soft  parts  on  the  front  of 
the  leg  are  dissected  up  to  the  level  named. 

Ketractors  having  been  adjusted,  the 
bones  are  divided  horizontally  well  above  the 
bases  of  the  malleoli. 

The  posterior  tibial  nerve  should  be  dis- 
sected out  and  removed. 

Hcemorrhage. — The  anterior  tibial  artery 
is  divided  near  the  anterior  border  of  the 
tibia.  The  posterior  tibial  vessel  is  cut  at 
the  inner  side  of  the  heel  flap,  and  the  ter- 
mination of  the  peroneal  at  the  outer  side. 

In  the  soft  parts  in  front  of  the  outer  malleolus  the  anterior 
peroneal  is  divided. 

Comment. — This  amputation  would  of  course  not  be  per- 
formed should  Syme's  operation  be  possible.  The  stump, 
when  the  margins  of  the  wound  have  been  united  by  suture! 
looks  a  little  clumsy. 

The  cicatrix,  however,  is  transverse,  is  well  on  the  anterior 
aspect  of  the  limb,  and  is  removed  from  the  line  of  pressure. 
A  good  stump  is  ultimately  provided,  one  valuable  feature  of 
which  consists  in  the  covering  furnished  by  the  integuments 
of  the  heel  (Fig.  127). 

The  amputation  permits  of  a  very  low  division  of  the 
bones. 


Fig.    127.  —  STUMP 

LEFT  BY  OtTYON'S 
SUPEA-MALLEOIAE 
AMPUTATION. 

{After  Farabeuf.) 
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2.  Modified  Circular  Amputation.  —  This  method  has 
been  reconnncndcd  in  this  region,  and  appears  to  have  been 
frequently  practised  by  French  surgeons.  Such  an  amputation 
is  that  known  as  Lenoir's  (Fig.  131,  a).  A  circular  incision 
is  made  into  the  soft  parts  just  above  the  malleoli,  and  about 
1^  inch,  or  4  cm.,  below  the  point  at  which  the  bones  are 
to  be  sawn.  This  is  joined  by  a  vertical  cut,  in  the  middle  of 
the  leg,  which  is  carried  up  to  the  level  of  the  saw-line  along 
to  the  inner  side  of  the  tibial  crest. 

The  anterior  skin  flaps — i.e.,  the  flaps  (such  as  they  are) 
on  either  side  of  the  vertical  wound — are  dissected  up  as  far 
as  possible.  The  circular  incision  is  not  disturbed  after  the 
integuments  have  been  Avell  freed.  All  the  soft  parts  down  to 
the  bone  are  now  divided  by  one  sweep  of  the  knife,  held  very 
obliquely. 

The  operation  is  easy  to  perform,  but  is  not  to  be  recom- 
mended. The  skin  covering  of  the  bones  is  a  great  source 
of  weakness ;  the  cicatrix  occupies  the  end  of  the  limb,  and 
is  exposed  to  pressure ;  and  a  conical  stump  can  hardly  be 
avoided. 

Dupuytren  employed  a  circular  incision  just  above  the 
malleoli,  so  inclined  that  the  posterior  part  of  the  circle 
touched  the  insertion  of  the  tendo  Achillis,  while  the  anterior 
segment  crossed  the  limb  a  little  above  the  ankle-joint. 

Two  vertical  incisions  were  then  made,  one  on  the  front 
and  the  other  on  the  back  of  the  limb,  and  both  in  the 
median  line.    In  this  manner  two  lateral  flaps  were  formed. 

The  objections  urged  against  the  last  operation  apply 
equally  to  this  procedure. 

3.  Amputation  by  Oblique  Elliptical  Incision  (Mar- 
cellin  Duval's  Operation). — In  this  operation  the  bone  is 
divided  much  higher  up  than  in  Guyon's  amputation.  An 
oblique  elliptical  incision  is  made  around  the  limb  above  the 
malleoli. 

The  incision  is  thus  planned : — The  point  at  which  the 
bones  are  to  be  divided  having  been  determined  upon,  the 
lower  or  posterior  extremity  of  the  ellipse  should  reach  a 
distance  below  that  point  equal  to  not  less  than  the  antero- 
posterior diameter  of  the  limb  at  the  level  of  the  saw-cut.  The 
higher,  or  anterior,  extremity  of  the  ellipse  should  be  no  less 
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distance  below  the  proposed  saw-cut  than  that  equal  to  half 
the  antero-posterior  diameter  (Fig.  126,  b). 

In  effecting  these  measurements  allowance  must  be  made 
for  retraction  of  the  skin.  Thus — as  Farabeuf  says — if  the 
antero-posterior  diameter  at  the  level  of  the  saw-cut  be  8  cm., 
then  the  posterior  end  of  the  incision  should  reach  a  point 
12  cm.  below  that  level,  while  the  anterior  extremity  of  the 
skin-cut  should  be  6  cm.  below  the  same.  The  incision  is 
inclined  at  about  45  degrees. 

The  position  of  the  surgeon  has  been  already  indicated. 
An  assistant  manipulates  the  foot.  On  both  the  right  and 
the  left  hmb  the  wound  can  be  more  conveniently  commenced 
at  the  posterior  aspect  of  the  leg. 

The  first  incision  includes  the  skin  only.  The  skin  is  well 
separated,  and  is  allowed  to  retract.  The  knife — kept  close 
to  the  margin  of  the  retracted  skin — is  now  made  to  traverse 
all  the  soft  parts  down  to  the  bone.  The  tendo  Achillis  is 
cut  early.  The  tissues,  on  both  the  anterior  and  posterior 
aspects  of  the  limb,  are  dissected  up  to  a  little  beyond  the 
level  of  the  proposed  saw-cut. 

This  dissection  is  by  no  means  easy,  especially  on  the 
peroneal  side  of  the  limb.  The  bones  must  be  well  bared. 
In  dissecting  up  the  posterior  tissues  the  surgeon  may  sit 
and  have  the  leg  well  raised  in  front  of  him.  After  the  bones 
have  been  divided  the  posterior  tibial  nerve  is  dissected  out. 
Some  surgeons  advise  that  the  tendo  Achillis  be  connected, 
by  deep  sutures,  with  the  divided  ends  of  the  anterior  muscles. 

Hcemorrhage. — The  anterior  tibial  artery  is  divided  in 
front  of  the  tibia ;  the  posterior  tibial  behind  the  base  of 
the  inner  malleolus ;  the  posterior  peroneal  behind  the  outer 
malleolus,  and  the  anterior  peroneal  in  the  posterior  flap 
opposite  the  lower  end  of  the  interosseous  space. 

Comment. — This  operation  would  be  very  difficult  should 
there  be  any  matting  together  of  the  soft  parts  from  chronic 
disease. 

The  stump  looks  a  little  clumsy  at  first.  The  cicatrix  is 
transverse,  and  is  placed  upon  the  anterior  aspect  of  the 
stump  (Fig.  128).  It  is  nearer  the  extremity  of  the  stump 
than  is  the  scar  in  Guyon's  amputation. 

4.  Amputation  by  a  Large  Posterior  Flap. — This  opera- 
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tion,  which  is  accredited  to  Tavignot  in  1840,  has  been 
much  modified  from  time  to  time.  ■  The  present  account 
follows  the  directions  given  by  Farabcuf.  Two  flaps  are 
made,  the  posterior  being  the  larger.  The  length  of  the 
posterior  flap,  when  completed,  is  equal  to  that  of  half  the 
circumference  of  the  limb  at  the  saw-line.  This  is  after 
retraction  has  been  allowed  for.  As  the  flap  may  be  con- 
sidered to  lose  about  one-third  of  its  length  by  retraction,  the 
posterior  flap,  as  originally  marked  out  on 
the  skin,  will  to  this  extent  exceed  in  length 
the  measurement  given. 

The  anterior  flap  is  about  one-fourth  of 
the  posterior.  The  flaps  may  be  conveniently 
fashioned  as  shown  in  Fig.  133,  a.  The 
posterior  flap  reaches,  so  far  as  its  skin  limit 
is  concerned,  to  about  the  insertion  of  the 
tendo  Aehillis.  The  internal  vertical  in- 
cision which  limits  it  descends  in  front  of 
the  inner  border  of  the  tibia.  The  external 
vertical  incision  lies  behind  the  fibula. 

(1)  The  surgeon  stands  in  the  position 
already  indicated.  On  the  right  side  the 
foot  should  be  turned  well  out,  and  the  inner 
vertical  incision  made  from  above  down- 
wards to  the  level  of  the  insertion  of  the 
tendo  Aehillis.  The  foot  being  now  turned 
inwards,  the  external  vertical  incision  is  made  in  like 
manner  from  above  downwards,  and  meets  the  companion 
cut  at  the  tendo  Aehillis  insertion.  On  the  left  limb  the  foot 
may  at  first  be  turned  inwards,  and  the  cutting  of  the  flap 
be  commenced  on  the  outer  side.  The  incision  should  involve 
the  skin  only,  and  should  be  so  made  that  the  integuments 
can  retract  well  all  round.    The  tendo  Aehillis  is  now  divided. 

(2)  The  next  step  in  the  operation  must  be  carefully 
performed.  The  limb  having  been  well  turned  upon  its  outer 
side,  an  incision  is  made  through  the  exposed  muscles  down  to 
the  tibia.  This  deep  incision,  which  follows  the  line  of  the 
skin-cut,  may  be  about  two  inches  in  length.  It  should  be 
deepened  by  separating  the  muscles  from  the  tibia.  The  limb 
is  then  turned  upon  its  inner  side,  and  a  like  incision  is  made 


Fig.  128.  —  STUMP 
lEFT  BY  M.  Du- 
val's SUPRA-MAL- 
LEOLAE  AMPUTA- 
TION. (Farabcuf.) 
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down  to  the  fibula,  and  the  wound  is  deepened,  so  far  as  it 
extends,  by  separating  the  muscles  from  that  bone.  In  this 
manner  two  deep  lateral  slits  or  gaps  (fentes)  are  made  down 
to  the  bones  through  the  whole  thickness  of  the  posterior  flap. 

The  thumb  having  been  thrust  mto  one  of  these  gaps,  and 
the  forefinger  into  the  other,  the  soft  parts  at  the  back  of  the 
limb  can  then  be  pinched  up  by  the  surgeon's  left  hand.  The 
foot  is  mamtained  in  the  flexed  position,  while  the  posterior 
flap  is  completed  by  cutting  from  without  inwards  (as  shown 
in  Fig.  132).  The  posterior  flap  so  fashioned  leaves  the  bones 
and  the  interosseous  membrane  practically  free. 

(3)  The  anterior  flap  is  now  cut.  The  soft  parts  are 
divided  down  to  the  bones  as  soon  as  the  skin  has  fully 
retracted,  and  are  then  dissected  up  so  as  to  leave  the  bones 
and  the  interosseous  membrane  on  this  aspect  of  the  limb 
practically  bare  also. 

(4)  Retractors  having  been  adjusted  and  the  interosseous 
membrane  divided,  the  tibia  and  fibula  are  sawn  through ; 
the  posterior  tibial  nerve  is  dissected  out  and  removed. 

Deep  sutures  may  be  passed  between  the  muscular  masses 
upon  the  front  and  back  of  the  limb. 

Haiinorrhage. — The  anterior  tibial  artery  is  cut  in  the 
anterior  flap,  in  front  of  the  interosseous  space.  The  posterior 
tibial  and  peroneal  vessels  are  divided  posteriorly  ;  the  former 
about  the  middle  of  the  flap,  and  the  latter  in  a  line  with  the 
fibula.  The  internal  saphenous  vein  may  possibly  be  cut  in 
makmg  the,mternal  vertical  incision.  It  usually,  however, 
lies  wholly  in  the  posterior  flap,  at  the  lower  and  inner  angle 
of  which  it  is  found  divided. 

Comment— The  stump  has  prominent  "  ears,"  and  at  first 
may  look  a  little  clumsy.  It  generally,  however,  turns  out 
admirably.  The  bones  are  well  covered  by  the  thick  posterior 
flap,  and  the  cicatrix,  which  is  transverse,  is  well  removed 
from  the  line  of  pressure. 

5.  Teale's  Amputation  by  a  Large  Anterior  Flap. — 
The  lower  third  of  the  leg  is  considered  to  be  a  particularly 
favourable  position  for  the  practice  of  Teale's  amputation. 

The  general  plan  of  the  operation  has  been  already 
described  (page  296).  The  circumference  of  the  limb  having 
been  taken  at  the  level  of  the  future  saw-line,  the  anterior 
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flap  is  so  marked  out  that  in  its  length,  as  well  as  in  its 
breadth,  it  shall  be  equal  to  one-half  the  circumference. 

The  posterior  flap  should  be  one-fourth  the  length  of  the 
anterior  flap,  and  will  include  the  remaining  half  of  the 
circumference  of  the  limb  (Fig.  129). 

The  lateral  incisions  follow  the  margins  of  the  tibia  and 


Fig.  129. — teale's  ampotation  of  the  leg. 

fibula.  The  limits  of  the  greater  flap  may  be  conveniently 
marked  out  upon  the  skin  with  ink. 

The  position  of  the  surgeon  and  his  assistants  has  been 
already  indicated. 

The  anterior  flap  may  be  commenced  on  the  inner  side  of 
the  limb  on  the  right  side,  and  on  the  outer  aspect  on  the 
left  side.  The  two  lateral  iiicisions  should  be  made  by  cut- 
ting from  above  downwards.  It  should  be  remembered  that 
the  anterior  flap  is  rectangular,  and  of  the  same  size  all  the 
way  down. 

The  incision  marking  out  the  great  flap  should  at  first 
concern  the  skin  only.  The  incision  is  then  deepened  down 
to  the  bones.  The  foot  should  be  extended  while  the  tendons 
at  the  end  of  the  flap  are  being  divided. 

The  anterior  flap  should  contain  all  the  soft  parts  on  the 
front  of  the  limb.  These  should  be  carefully  dissected  up 
from  the  bones  and  the  interosseous  membrane.  The  flap 
contains  the  anterior  tibial  artery  in  its  whole  length. 
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The  posterior  flap  may  be  completed  by  a  simple  vigorous 
transverse  cut  across  the  back  of  the  limb  from  the  skin  to 
the  bones. 

The  foot  should  be  flexed  during  this  manoeuvre.  The 
flaps  having  been  retracted  to  a  little  beyond  the  saw-line,  the 
retractors  are  applied,  the  interosseous  membrane  is  divided, 
and  the  bones  are  sawn  through. 

When  the  wound  has  been  closed  by  sutures,  the  stump 
has  the  appearance  shown  in  Fig.  130. 

Hcemorrhage. — The  anterior  tibial  vessels  are  divided  at 
the  free  lower  end 
of  the  anterior  flap, 
and  at  about  its 
middle.  The  pos- 
terior tibial  artery  is 
found  cut  upon  the  -^M^ 
face  of  the  posterior 

n  11-  Fig-   130.— STUMP  LEFT  AFTEB  TBAIE'S  AMPTTTATION 

flap  and  towards  its  op  the  leg. 

inner  side,  the  vessel 

lying  between  the  margins  of  the  flexor  longus  digitorum  and 
flexor  longus  pollicis. 

The  peroneal  vessels  are  divided  on  the  outer  part  of  this 
flap,  close  to  the  fibula,  and  under  cover  of  the  flexor  longus 
pollicis. 

The  long  saphenous  vein  will  be  found  in  the  anterior 
flap,  the  short  saphenous  in  the  posterior  flap. 

Comment. — Inasmuch  as  the  leg  narrows  towards  the 
ankle,  it  is  easy,  by  following  the  general  lines  of  the  limb, 
to  make  the  anterior  flap  too  narrow  below. 

It  is  claimed  for  this  amputation  that  the  bones  are 
covered  by  a  flap  Avhich  does  not  contain  too  much  muscular 
tissue,  and  which  possesses  an  artery  in  its  entire  length. 
It  is  also  urged  that  the  cicatrix  is  placed  at  the  back  of  the 
stump,  and  is  not  exposed  to  pressure. 

The  operation  has  not  been  received  with  so  much  favour 
in  other  countries  as  it  undoubtedly  possesses  in  England. 

The  main  bone  to  be  covered  at  the  end  of  the  stump  is 
the  tibia.  The  anterior  flap  affords  this  bone  in  large  part  a 
covering  of  skin  only,  and  the  integuments  on  the  front  of 
the  leg  are  usually  quite  thin.    The  anterior  flap,  moreover, 
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IS  of  very  unequal  thickness,  containing  skin  only  at  its  inner 
part,  and  a  substantial  mass  of  muscle  at  its  outer  side.  It 
has  been  pointed  out  that  a  portion  of  the  anterior  flap  may 
be  cut  from  the  dorsum  of  the  foot ;  but  the  tissues  of  that 
part  are  ill  adapted  to  form  the  free  end  of  a  principal  flap. 
The  skin  there  is  very  thin,  the  subcutaneous  tissue  is  scanty, 
and  the  soft  parts  beneath  are  represented  almost  exclusively 
by  tendons.  Teale's  amputation  makes  a  great  demand  upon 
the  structures  on  the  anterior  aspect  of  the  limb,  and  involves 
a  comparatively  high  division  of  the  bones. 

Of  the  four  operations  above  described,  it  may  be  said  in 
general  terms  that  Guyon's  amputation  is  the  best  when  a  low- 
division  of  the  bones  is  possible,  and  that  the  most  suitable 
mode  of  amputating  the  leg  in  its  lower  third  is  by  means  of 
the  long  posterior  flap. 

Should  the  tissues  at  the  posterior  aspect  of  the  limb  be 
much  damaged,  Teale's  operation  may  be  conveniently  carried 
out. 

B. — AMPUTATION  'J'HROUGH  THE  MIDDLE  OF  THE  LEG. 

Anatomical  Points. — At  the  middle  of  the  leg  the  hmb  is 

very  muscular,  the  mass  of  muscles  in  the  calf  being  con- 
siderable. The  main  muscle  in  front  of  the  interosseous 
membrane  at  this  level  is  the  tibialis  anticus.  The  extensor 
communis  digitorum  is  of  fair  size,  the  extensor  proprius 
poUicis  is  as  yet  small.  All  these  muscles  are  attached  to 
the  bones.  The  anterior  tibial  artery  lies  in  front  of  the  inter- 
osseous membrane,  midway  between  the  two  bones,  and 
is  very  deeply  placed.  At  the  back  of  the  limb  the  main 
muscular  mass  belongs  to  the  soleus.  The  muscle  is  free 
except  at  its  inner  side,  where  it  is  still  attached  to  the 
internal  border  of  the  tibia.  It  is  capable  therefore  of  some 
retraction  when  divided.  The  plantaris  tendon  is  free.  The 
gastrocnemius  at  this  level  is  still  nuiscular.  On  section  its 
bulk  is  seen  to  be  scarcely  equal  to  a  third  of  the  bulk  of 
the  soleus.  It  is  quite  free  from  bony  attachment,  and  can 
therefore  retract  readily  when  divided.  The  freedom  of  the 
gastrocnemius  and  soleus  muscles  is  of  primary  importance 
in  the  execution  of  Henry  Lee's  operation. 

The  remaining  muscles  at  the  back  of  the  limb  arc  all 
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attached  to  the  bones,  and  are  not  therefore  capable  of  re- 
traction. Of  these,  the  tibiahs  posticus  is  the  largest;  the 
flexor  longus  digitorum  is  of  fair  size  ;  while  the  flexor  longus 
pollicis  is  as  yet  small. 

The  peroneal  artery  lies  close  to  the  fibula,  luider  cover  of 
the  last-named  muscle.  The  posterior  tibial  vessels  lie  in 
the  groove  between  the  tibialis  posticus  and  the  flexor  longus 
digitorum.  At  the  outer  side  of  the  Hmb  are  the  two  peronei 
muscles,  both  attached  to  the  fibula.  The  peroneus  longus  at 
this  level  is  large,  the  peroneus  brevis  very  small. 

With  regard  to  the  operations  which  may  be  performed  at 
the  middle  of  the  leg,  reasons  have  been  already  given  for 
condemning  the  circular  amputation  and  the  cutting  of  a 
posterior  flajD  by  transfixion  (page  461). 

Teale's  operation  is  sometimes  advised  in  this  position. 
The  objections  which  have  been  urged  against  that  amputation 
in  the  lower  third  of  the  leg  apply  equally  to  this  section  of 
the  limb.  The  anterior  flap  is  of  considerable  length,  and  the 
bones  have  to  be  divided  at  an  unnecessarily  high  level.  The 
operation  may  be  carried  out  when  the  soft  parts  at  the  back 
of  the  hmb  have  been  extensively  destroyed. 

The  two  procedures  best  adapted  for  this  region  are  the 
following : — 

1.  Amputation  by  a  Large  Posterior  Flap  (Hey's  Opera- 
tion). 

Instmments. — An  amputating-knife  with  a  blade  about 
five  inches  in  length ;  a  stout  scalpel ;  an  amputating-saw ; 
retractors  (the  linen  retractor  used  to  protect  the  parts  during 
the  sawing  of  the  bones  may  have  three  tails,  the  central  and 
narroAver  shp  being  passed  through  the  interosseous  space); 
pressure  forceps ;  artery  and  dissecting  forceps ;  a  periosteal 
elevator ;  scissors,  etc. 

Position. — The  patient  lies  upon  the  back,  with  the  leg 
and  knee  beyond  the  end  of  the  table.  In  dealing  with  the 
right  hmb,  the  surgeon  stands  to  the  outer  side  of  the  leg ;  in 
dealing  with  the  left  limb,  to  the  inner  side.  One  assistant 
stands  or  sits  facing  the  end  of  the  table.  He  holds  the  foot 
and  leg,  and  manipulates  it  during  the  operation.  A  second 
assistant  stands  facing  the  surgeon  and  to  the  left  of  the 
patient,  and  attends  to  the  sponging,  etc. 
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Operation. — Hej^'s  operation  is  described  in  his  "  Practical 
Observations"  (3rd  edition,  1814,  page  526).  The  procedure 
here  detailed  is  a  slight  modification  of  Hey's  method.  Hey 

cut  the  posterior  flap  by  trans- 
fixion, and  made  a  slightly  shorter 
anterior  flap. 

The  circumference  of  the  limb  at 
the  saw-line  having  been  noted,  the 
posterior  flap  is  so  made  that  its  length 
and  breadth  are  equal  to  a  third  of 
that  measurement — i.e.,  are  equal  to 
the  diameter  of  the  limb. 

The  anterior  flap  is  about  a 
third  of  the  length  of  the  posterior 
one.  The  large  posterior  flap  is  U- 
shaped.  The  main  incisions  are 
commenced  about  one  inch  below  the 
point  at  which  the  bones  are  divided. 
The  inner  limb  of  the  U  of  the 
posterior  flap  is  just  behind  the  in- 
ternal border  of  the  tibia,  while  the 
outer  limb  of  the  U  runs  posterior 
to  the  peronei  muscles  (Fig.  131,  b). 
These  muscles  are  consequently 
found  divided  in  the  anterior  flap. 

(1)  The  operation  is  commenced 
by  cutting  the  large  flap. 

On  the  right  side  the  limb  is 
turned  upon  its  outer  surface  {i.e., 
with  that  surface  looking  down- 
wards), the  knee  is  flexed,  and  the 
inner  vertical  incision  is  made  from 
above  downwards.  The  inner  seg- 
ment of  the  bend  of  the  U  is  then 
completed.  The  leg  is  now  turned 
upon  its  inner  side,  and  the  outer 
vertical  incision  is  made  by  cutting  from  above  downwards. 
In  finishing  it,  the  bend  of  the  U,  the  tcrmmal  part  of  the  flap, 
is  completed  (Fig.  131,  b).  On  the  left  leg  the  limb  may 
be  first  turned  upon  its  inner  side  (i.f.,  with  that  surface 


Fig.  131. 

A,  Modified  ciixular  supra-mal- 
leolar  amputation  :  (a)  saw- 
line  of  same  ;  B,  Hey's  am- 
putation :  (6)  saw-line  of 
same  ;  c.  Circular  amputation 
at  "the place  of  election"  :  (c) 
saw-line  of  same  ;  D,  Gritti's 
operation. 
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looldng  downwards),  and  the  operation  be  commenced  by 
cutting  the  outer  vertical  incision. 

The  incisions  thus  made  coiicern  the  skin  only,  and  the 
integuments  are  well  freed  along  all  parts  of  the  cut. 

(2)  The  leg  is  now  flexed  upon  the  thigh,  and  the  knee 
turned  outwards  so  as  to  expose  the  caK  When  in  this 
position,  and  while  the  foot  is  flexed,  the  gastrocnemius  muscle 
is  picked  up  between  the  fingers  and  thumb  and  is  divided 
transversely  at  the  level  of  the  retracted  skin. 

(3)  Two  short,  deep,  vertical  incisions  are  now  made  from- 
above  downwards  through  the  soft  parts  at  either  margin  of 
the  flap.  These  incisions  extend  to  the  bone :  the  inner 
direct  to  the  tibia,  the  outer  to  the  fibula  behind  the  peronei 
muscles. 

Into  the  gaps  thus  made  the  thumb  and  fingers  of  the  left 
hand  are  inserted,  and  the  muscles  of  the  calf,  being  firmly 
grasped,  are  lifted  up  from  the  bones.    {8ee  Fig.  132.) 

The  muscles  are  now  carefully  separated  from  the  bones 
along  these  two  short  lateral  incisions  with  a  stout  scalpel 
until  the  middle  of  the  flap  is  entirely  free,  and  the  thumb 
and  forefinger  can  be  made  to  meet  between  the  deep  muscles 
and  the  bones.  These  muscles  and  the  vessels  they  carry 
Avith  them  are  finally  divided  at  their  lower  parts  by  a  vigorous 
transverse  cut.  To  effect  this,  the  amputating-knife  is  intro- 
duced between  the  separated  muscles  and  the  bones,  and  is 
made  to  cut  from  within  outwards.  The  posterior  flap  is  now 
quite  free  below,  and  the  soft  parts  above  are  cleared  away  from 
the  tibia  and  fibula  and  intervening  membrane  until  the  level 
of  the  saw- cut  is  reached. 

(4)  The  anterior  flap  is  made  by  passing  the  knife  in 
a  curved  manner  across  the  face  of  the  limb.  The  incision 
at  first  involves  the  skin  only.  When  retraction  has  taken 
place,  the  muscles  are  cleanly  divided  down  to  the  bones. 
These  nmscles  are  then  dissected  up  as  far  as  the  level  of  the 
future  saw-cut,  the  interosseous  membrane  being  thus  bared 
in  front  as  well  as  behind. 

(5)  Retractors  having  been  applied,  and  the  interosseous 
membrane  divided  transversely,  the  bones  are  sawn  through. 
The  periosteum  may  be  separated  from  the  lower  end  of  the 
tibia. 
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The  prominent  projection  of  the  anterior  border  of  the 
tibia  should  be  removed  with  the  saw  in  the  manner  described 
on  page  483.    (See  Fig.  137.) 

The  posterior  tibial  nerve  is  dissected  out  and  removed. 

Hcemorrhage. — The  anterior  tibial  artery  is  divided  at  the 
free  end  of  the  anterior  flap,  the  posterior  tibial  and  peroneal 
vessels  at  the  free  margin  of  the  posterior  flap.  The  position 
of  these  vessels  has  been  already  indicated. 


Fig.    132. — MODE   OF   DIVIDING   THE  TISSUES  IN  THE  AMPUTATION  BY  A  LAEGE 

POSTEEIOE  FLAP. 

2.  Amputation  by  Large  Posterior  Flap  (Henry  Lee's 
Operation). 

An  account  of  this  operation  is  given  in  the  Medico- 
Chirurgical  Transactions  (vol.  xlviii.,  page  195). 

The  instruments  required,  and  the  position  of  the  patient 
and  operator,  are  the  same  as  in  the  previous  amputation. 

The  same  order  may  be  observed  in  making  the  incisions. 

The  flaps  are  measured  and  fashioned,  so  far  as  the  skin 
incisions  are  concerned,  precisely  upon  the  lines  of  Teale's 
operation,  with  the  difference  that  the  main  flap  is  upon  the 
posterior  instead  of  upon  the  anterior  surface  of  the  limb. 
The  principal  flap,  moreover,  instead  of  containing  all  the  soft 
parts  covering  the  bones,  carries  with  it  only  the  superficial 
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flexor  muscles  of  the  calf.  Both  flaps  are  rectang-ular.  The 
anterior  flap  is  one-fourth  the  length  of  its  fellow  (Fig. 
143,  b).  The  relation  of  the  incisions  to  the  saw-line  is  the 
same  as  in  Teale's  method.  Both  flaps  are  marked  out  with 
the  knife,  the  incisions  involving  at  first  the  integuments 
only.  The  anterior  flap  is  the  first  to  be  completed.  The 
subsequent  steps  are  thus  described  by  Mr.  Lee : — 

"  When  the  skin  has  become  somewhat  retracted  by  its 
natural  elasticity,  an  incision  is  carried  through  the  parts  in 
front  of  the  tibia,  interosseous  membrane,  and  fibula.  The 
whole  of  the  parts  thus  divided  are  separated  close  to  the 
periosteum  and  interosseous  membrane,  and  are  reflected 
upwards  to  a  level  with  the  upper  extremities  of  the  first 
longitudinal  incisions. 

"  The  deeper  structures  at  the  back  of  the  leg  are  then 
freely  divided  in  the  situation  of  the  lower  transverse  incision. 
The  conjoined  gastrocnemius  and  soleus  muscles  are  separated 
from  the  subjacent  parts,  and  are  reflected  as  high  as  the 
anterior  flap.  This  part  of  the  operation  is  performed  Avith 
the  greatest  facility  on  account  of  the  loose  attachments  of 
these  muscles,  especially  at  the  lower  part  of  the  leg. 

"The  deeper  layer  of  muscles,  together  with  the  large 
vessels  and  nerves,  is  divided  as  high  as  the  incisions  will 
permit,  and  the  bones  sawn  through  in  the  same  situation." 

The  prominent  projection  of  the  anterior  border  of  the  tibia 
should  be  removed  with  the  saw.    (See  page  483 ;  Fig.  137.) 

The  posterior  tibial  nerve  should  be  dissected  out. 

The  position  of  the  three  principal  arteries  divided  has 
been  already  mentioned. 

Comment. — Both  of  these  operations  are  excellent.  The 
bones  are  well  covered;  the  cicatrix  is  transverse,  is  upon 
the  anterior  aspect  of  the  stump,  and  is  well  removed  from 
pressure. 

The  posterior  flap  in  Hey's  amputation  is  shorter  than 
in  Lee's  operation.  In  the  former  its  length  is  equal  to 
a  third  of  the  circumference  of  the  hmb;  in  the  latter,  to 
one-half  Provided  that  the  conditions  are  the  same,  it  will 
be  seen  that  the  second  operation  involves  a  greater  sacrifice 
of  parts  than  the  first ;  in  other  words,  Hey's  amputation  can 
be  performed  lower  down. 
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The  procedure  advised  by  Lee  is  well  adapted  for  very 
muscular  limbs,  and  for  cases  where  the  deep  muscles  of  the 
calf  have  become  matted  together  or  damaged  by  disease  or 
injury. 

Hey's  operation  is,  on  the  other  hand,  well  suited  to  the 
majority  of  cases,  and  especially  to  limbs  of  moderate  or 
scanty  nmscular  development. 

Of  the  two  operations,  Lee's  is  undoubtedly  the  more  easy 
to  perform. 

C. — AMPUTATION  AT  THE  "PLACE  OF  ELECTION." 

Anatomical  Points. — The  term  "  place  of  election  "  refers 
to  the  spot  at  which  the  bones  are  divided.  This  point  is 
about  a  hand's-breadth  below  the  knee-joint,  and  is  about,  or 
a  little  above,  the  great  nutrient  foramen  of  the  tibia.  The 
tibia  is  here  still  of  good  size,  the  cancellous  tissue  is  con- 
siderable, but  the  medullary  canal  has  commenced. 

The  skin  covering  the  upper  third  of  the  leg  is  a  little 
coarse,  is  not  very  mobile,  and  does  not  retract  so  extensively 
when  divided  as  it  does  lower  down  in  the  limb. 

A  transverse  section  of  the  leg  at  the  "  place  of  election  " 
shows  that  the  main  muscular  masses  on  the  antero-external 
aspect  belong  to  the  tibialis  anticus  and  the  peroneus  longus. 
The  extensor  communis  digitorum  is  still  a  very  small  muscle. 
The  peroneus  brevis  and  the  extensor  longus  pollicis  do  not 
reach  the  saw-line,  but  are  found  in  an  external  flap. 

At  the  back  of  the  limb  the  gastrocnemius  forms  a  veiy 
large  mass  of  muscle — so  large  as  to  be  nearly  equal  to  the 
rest  of  the  muscular  tissue  which  lies  behind  the  bones  and 
interosseous  membrane. " 

The  soleus  is — at  this  level — divided  at  about  its  largest 
part.  The  tibialis  posticus  is  of  fair  size ;  the  flexor  longus 
digitorum  appears  as  a  mere  muscular  fragment.  The  flexor 
longus  pollicis  lies  below  the  level  of  the  "  place  of  election." 
The  lowest  fibres  of  the  popliteus  are  divided  in  the  section  as 
they  adhere  to  the  posterior  surface  of  the  tibia. 

In  separating  or  "  dissecting  up  "  a  flap,  it  must  be  observed 
that  the  only  muscles  free  are  the  gastrocnemius  and  plan- 
taris.  All  the  others  are  attached  to  the  bones  or  interosseous 
membrane. 
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The  anterior  tibial  artery  at  the  present  level  hes  deeply 
upon  the  face  of  the  interosseous  membrane,  and  close  to  the 
fibula.    The  anterior  tibial  nerve  is  to  its  outer  side. 

The  posterior  tibial  and  peroneal  arteries  are  found  lying 
upon  the  tibialis  posticus  and  occup3dng  the  same  level,  the 
latter  vessel  having  but  just  arisen  from  the  trunk.  These 
vessels  are  located  about  midway  between  the  two  bones. 

The  posterior  tibial  nerve  is  very  close  to  the  artery  of  the 
same  name,  but  is  placed  just  behind  it  and  to  its  inner 
side. 

The  following  are  the  methods  described : — 

1.  Large  external  flap  (Farabeuf  s  operation). 

2.  Circular  method. 

3.  Equal  lateral  flaps. 

4.  Large  posterior  flap. 

1.  Amputation  by  Large  External  Flap  (Faraheufs 
Operation).— An  amputation  in  this  part  of  the  leg  by  an  ex- 
ternal flap  has  been  devised  and  carried  out  by  Sedillot  and 
others. 

Farabeuf  has,  however,  so  far  modified  the  operation  that 
he  has  practically  designed  a  new  procedure.  He  has  pointed 
out  the  importance  of  preservmg  the  anterior  tibial  artery  in 
the  Avhole  length  of  the  external  flap,  and  has  shown  that  if 
this  flap  be  cut  by  transfixion  the  vessel  cannot  escape 
damasre. 

The  present  method  may  claim  to  be  a  very  substantial 
improvement  upon  previous  operations,  and  to  form  a  valuable 
addition  to  the  resources  of  the  surgeon. 

Instruments. — An  amputating-knife  with  a  blade  from  five 
to  six  inches  in  length.  A  stout  scalpel.  An  amputating-saw. 
A  periosteal  elevator.  Ketractors.  Six  pressure  forceps. 
Artery  and  dissecting  forceps.    Scissors,  etc. 

Position. — The  patient  lies  upon  the  back,  and  is  so 
placed  that  the  middle  of  the  thigh  rests  upon  the  edge  of  the 
table.  The  sound  limb  is  secured  out  of  the  range  of  the 
operation. 

In  operating  upon  the  right  leg,  the  surgeon  stands 
throughout  on  the  outer  side  of  the  limb.  In  amputating  the 
left  leg,  he  should  stand  at  the  end  of  the  limb,  and  a  little 
to  the  outer  side  of  it,  while  making  the  preliminary  skin 
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incisions.  While  dissecting  up  the  flap  and  completing  the 
operation,  he  should  stand  to  the  inner  side  of  the  liinb. 

One  assistant  is  placed  at  the  end  of  the  limb,  to  manipulate 

the  foot  and  leg.  The  second  assist- 
ant stands  upon  the  opposite  side 
of  the  limb  to  the  surgeon,  whom  he 
faces. 

Operation. — The  external  flap  is 
U-shaped.  Its  length  is  equal  to 
that  of  the  diameter  of  the  limb  at 
the  level  of  the  future  saw-line — i.e., 
is  equivalent  to  one-third  of  the 
circumference  of  the  leg  at  the  same 
level  (Fig.  138,  b.) 

The  anterior  limb  of  the  U  is 
commenced  opposite  to  the  saw-line, 
and  in  passing  down  the  leg  runs 
parallel  with  and  just  to  the  inner 
side  of  the  anterior  border  of  the 
tibia. 

The  posterior  limb  of  the  U  fol- 
lows a  line  on  the  back  of  the  calf 
diametrically  opj)osite  to  the  anterior 
limb.  The  j)osterior  incision  ends, 
however,  above,  at  a  point  about  1^ 
inch  below  the  commencement  of 
the  anterior  limb  of  the  U. 

1.  The  operation  is  commenced 
by  marking  out  the  external  flap  by 
a  skin  incision. 

In  the  case  of  both  the  right 
and  the  left  legs,  the  knee  should 

(S^Cf^^'^oSIr^^^^^^^  be  flexed  and  the  Hmb  turned  upon 
Garden's  amputation ;  D,  Lis-   its  inner  sidc — i.e.,  SO  tumcd  that  its 

ter's  modification  of  the  same.         ,  ,    •         ^^  i  ^ 

outer  aspect  is  well  exposed  to  the 
surgeon.  The  position  of  the  operator  while  making  the  skin 
incisions  has  been  alluded  to.  On  the  right  side  the  incision 
may  be  commenced  in  front,  and  may  be  completed  in  one 
sweep,  the  anterior  wound  being  thus  made  from  above  down- 
wards and  the  posterior  from  below  upwards.    In  the  case  of 


Fig.  133. 
A,  Amputation  of  lower  part  of 
leg  by  long  posterior  flap  ;  b, 
Amputation  at  "the  place  of 
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the  left  limb,  both  of  the  vertical  incisions  can  be  more  con- 
veniently made  by  cutting  from  above  downwards,  and  can 
be  subsequently  joined  by  the  terminal  curved  incision. 

2.  The  next  step  in  the  operation  is  to  free  the  skin  along 
the  whole  length  of  the  incision,  so  that  it  may  retract.  The 
integuments  are  merely  freed,  not  dissected  up. 

3.  The  limb  being  turned  outwards,  the  knife  is  passed 
across  the  inner  side  of  the  leg,  from  the  upper  end  of  the 
posterior  incision  to  a  point  on  the  anterior  cut  about 
li  inch  below  its  commencement  (Fig.  133,  b).    This  incision 


Fig.  134. — MODE    OF  CUTTING    THE   FLAP   IN    THE    AMPUTATION  AT  "  THE  PLACE  OF 
ELECTION  "  BY  A  LARGE  EXTERNAL  FLAP.  {Farahmf.) 


is  slightly  curved,  and  involves  the  skin  only.  The  integuments 
are  hghtly  freed  along  the  line  of  the  incision. 

4.  The  limb  being  again  turned  with  its  inner  surface 
downwards,  the  operator  proceeds  to  dissect  up  the  great  flap, 
which  should  contain  all  the  soft  parts  down  to  the  bones. 

The  flap  is  separated  along  the  anterior  limb  of  the  U 
incision  by  cutting  from  above  downwards  down  to  the  bone 
along  the  outer  side  of  the  anterior  border  of  the  tibia.  The 
fingers  of  the  left  hand  are  thrust  into  the  gap  so  made,  and 
the  tibialis  anticus  is  separated  from  the  bone.  When  the 
muscle  is  sufficiently  separated,  it  is  cut  obliquely  from  above 
downwards  and  outwards,  so  that,  the  section  of  the  muscle 
will  be  thin  when  the  margin  of  the  skin  is  reached 
(Fig.  134).. 

The  whole  of  the  soft  parts  involved  in  the  external  flap 
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are  dissected  up  from  the  bones  and  interosseous  membrane. 
In  effecting  this  the  linger  and  the  handle  of  a  scalpel  are  used 
more  freely  than  the  knife.  The  muscles  should  be  cut 
obliquely  at  their  lower  extremities,  so  that  the  section  of 
muscle  close  to  the  free  margin  of  the  skin — i.e.,  at  the  bend 
of  the  U— shall  be  quite  thin.  The  anterior  tibial  artery 
is  divided  at  the  free  end  of  the  flap  in  making  one  of  these 
oblique  sections  of  the  muscles  (Fig.  188). 

In  dissecting  up  the  soft  parts,  great  care  must  be  taken 
not  to  dissect  the  flap  up  too  far.   If  this  be  done,  it  is  possible 


Fig.  135. — METHOD  OF    Fig.  136. — METHOD  OF  SAW-         Fig.  137. — METHOD  OF  SAW- 
SAWING  THE  TIBIA.  ING  THE  BONES  OF  THE  LEO.  ING  THE  BONES  OF  THE  LEG. 


to  reach  the  spot  where  the  anterior  tibial  artery  is  piercing 
the  interosseous  membrane,  and  to  actually  divide  the  vessel 
at  that  spot. 

The  future  of  the  operation  depends  upon  the  integrity  of 
this  artery. 

5.  The  soft  parts  included  in  the  small  inner  flap  may  now 
be  cut  by  transfixion  at  the  level  of  the  retracted  skin.  The 
muscular  tissue  so  divided  must  be  in  the  next  place  separated 
from  the  bones  up  to  the  level  of  the  saw-line.  The  bones  and 
interosseous  membrane  should  be  bared.  The  retractors  are 
now  applied  and  the  bones  sawn  through. 

6.  The  manner  in  which  the  hones  are  sawn  is  of  some 
importance,  especially  as  the  prominent  anterior  border  of  the 
tibia  is  apt  to  project  into  the  anterior  wound  when  the  flaps 
have  been  adjusted.  The  remarks  now  to  be  made  apply  to 
all  amputations  in  this  region. 
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The  interosseous  membrane  having  been  incised,  the 
periosteum  covering  the  tibia  is  divided  by  a  circular  cut. 
This  circular  cut  is  joined  from  above  by  two  lateral  vertical 
incisions  through  the  investing  membrane.  The  two  flaps — 
anterior  and  posterior — of  periosteum  thus  marked  out  should 
be  separated  from  the  bone  by  an  elevator.  If  preferred,  these 
flaps  may  be  dissected  up  from  the  bone  with  the  deepest 
layers  of  muscle ;  or,  on  the  other  hand,  the  periosteum  on 
the  posterior  surface  of  the  tibia  may  be  ignored,  and  only  the 
anterior  segment  preserved.  Some  surgeons  strip  up  the 
periosteum  from  the  fibula  also. 

The  periosteum  is  retracted  to  a  point  just  above  the  saw- 
line.  The  surgeon  stands  in  the  same  position — i.e.,  to  the 
outer  side  of  the  ri^ht  \es  and  to  the  inner  side  of  the  left — 

o  o 

and  divides  the  fibula  first.  The  limb  is  still  so  placed  that 
the  external  surface  is  uppermost.  In  sawing  the  left  fibula, 
the  point  of  the  saw  is  directed  downwards,  towards  the  floor. 
In  dividing  the  right  bone,  the  point  of  the  instrument  is 
directed  upwards,  towards  the  ceiling.  The  fibula  should  be 
divided  about  1  cm.  above  the  tibia,  and  the  saw  should  pass 
obhquely  from  above  downwards  and  inwards  (Fig.  136).  The 
saw  is  now  entered  upon  the  inner  surface  of  the  tibia,  above 
the  level  at  which  the  bone  is  to  be  divided.  The  instrument 
is  made  to  cut  downwards  and  outwards  for  a  certain  distance 
(Fig.  135,  a).  The  transverse  saw-cut  is  now  made  from  be- 
fore backwards  (Fig.  135,  b),  with  the  result  that  the  whole 
bone  is  divided,  the  piece  marked  out  by  the  first  saw-incision 
drops  oft',  and  the  tibia  presents  a  sloping  surface  on  its  inner 
side  (Fig  136). 

This  method  of  dividing  the  bones  is  adapted  to  the 
amputations  by  external  flap  or  by  two  lateral  flaps. 

In  the  case  of  amputation  by  antero-posterior  flaps  or  by 
the  circular  method,  the  fibula  may  be  cut  at  the  same  level 
as  the  tibia,  and  the  anterior  margin  of  the  tibia  should  then 
be  removed  by  a  sloping  saw-cut,  the  instrument  being  applied 
in  the  manner  just  detailed  (Figs.  135  and  137). 

The  periosteal  flap  or  flaps  having  been  adjusted  over  the 
divided  bone,  and  any  deep  sutures  having  been  inserted,  the 
operation  is  completed  by  closing  the  surface  wound. 

Haemorrhage. — The  anterior  tibial  artery  is  divided  at  the 
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free  end  of  the  external  flap.  The  posterior  tibial  and  peroneal 
vessels  are  cut  close  together  and  lie  on  the  same  plane 
upon  the  face  of  the  inner  flap.    {See  page  479  and  Fig.  138.) 

Several:  muscular  branches  will  require  ligature,  notably 
the  sural  arteries  connected  with  the  gastrocnemius  muscle, 
and  the  large  branch  from  the  posterior  tibial  artery  to  the 
soleus.  The  nutrient  artery  of  the  tibia  will  be  divided  at  or 
about  its  entrance  into  the  bone. 

Comment. — An  excellent  stump  results  from  this  operation. 
The  cicatrix  comes  upon  its  inner  side  and  is  well  removed 
from  pressure.    The  bones  arc  admirably  covered,  and,  if  the 

operation  be  carefully  carried 
out,  the  vitality  of  the  great 
flap  is  ensured  (Fig.  139). 

I  believe  this  to  be  the 
best  operation  for  this  seg- 
ment of  the  leg.  I  have 
performed  it  in  several  cases 
which  were  by  no  means  well 
adapted  for  recovery  from 
any  amputation,  and  have 
been  exceedingly  pleased 
with  the  results.  These 
cases  were  examples  of  am- 
putation of  the  limb  in  aged 
and  broken-down  men  for 
intractable  ulcers  of  the 
lower  part  of  the  leg. 

The  stump  that  results  is 
sufficiently  long  to  allow  of 
such  an  artificial  leg  being 
worn  as  will  still  permit  the  movements  of  the  knee  to  be 
executed. 

In  selecting  a  method  of  amputation  at  this  level,  con- 
siderable weight  must  attach  to  the  intention  of  the  surgeon 
Avith  regard  to  the  artificial  support  that  is  to  be  worn. 

If  the  use  of  the  knee-joint  is  to  be  retained,  then  a  stump 
must  be  fashioned  that  can  bear  pressure  upon  its  extremity. 

If,  on  the  other  hand,  the  Imee-joint  is  to  be  kept  per- 
manently flexed,  and  the  weight  of  the  body  is  to  be  borne 


rig.  138. — APPEAEANCEOFTHE  STUMP  AFTER 
THE  AMPUTATION  OF  THE  LEG  AT  "  THE 
PLACE  OF  election"  BY  A  LAEGE  EX- 
TERNAL FLAP.  {Farabcuf.) 


AMPUTATION  OF  LEG. 


485 


surgeon 
with 


upon  the  tuberosity  and  tubercle  of  the  bent  tibia,  then  the 
covermgs  of  the  stump  and  the  position  of  the  cicatrix  are 
matters  of  comparatively  little  moment. 

The  operation  next  described  involves  a  terminal  cicatrix, 
and  a  not  too  well-covered  tibia.  It  is,  however,  a  convenient 
and  sound  procedure  if  the  patient  is  to  wear 
a  peg-leg  or  box-leg,  and  is  to  surrender  the 
use  of  the  knee-joint. 

2.  Amputation  by  the  Circular  Method. 
— The  same  instruments  are  required  as 
in  the  last  operation.  The  position  of  the 
and  his  assistants  is  the  same, 
the  exception  that  the  operator,  in 
dealing  with  the  left  limb,  stands  through- 
out on  the  inner  side  of  the  leg. 

The  circular  skin-incision  should  be 
made  at  a  distance  below  the  saw-line  equal 
to  one-half  of  the  diameter  of  the  limb  at 
that  line  (Fig.  131,  c).  This  applies  to  the 
position  of  the  incision  when  retraction  of 
the  skin  has  been  allowed  for. 

For  example  :  suppose  the  circumference 
of  the  limb  at  the  saw-line  to  be  15  inches, 
the  diameter  of  the  limb  will  be  repre- 
sented by  5  inches,  and  the  half-diameter  by 
about  6  cm.  Retraction  of  the  skin  in  this 
limb  is  not  considerable.  To  allow  for  it,  the  circular  mark 
in  the  skin  might  be  commenced  about  3J  inches,  or  9  cm., 
below  the  saw-line. 

The  posterior  segment  of  the  circular  incision  should  be  a 
little  higher  than  the  anterior  segment  (Fig.  131,  c).  The  tissues 
at  the  back  of  the  leg — notably  the  superficial  flexors — retract 
more  readily  than  do  the  soft  parts  upon  the  front  of  the 
limb.  If  the  circular  incision  be  quite  hoiizontal,  too  much 
skin  will  be  found  in  what  may  be  termed  the  posterior  flap. 

Operation. — 1.  The  limb  being  extended,  the  circular  skin- 
incision  is  made,  the  assistant  manipulating  the  limb  the 
while.  The  skin  is  lightly  freed  all  round  along  the  line  of 
the  incision. 

2.  The  skin  at  the  anterior  aspect  of  the  limb  is  separated 


Fig.  139.— STUMP  RE- 
SULTING FROM  AM- 
PUTATION or  THE 
LEG  AT  "  THE  PLACE 
OF  ELECTION  "  BY  A 
LARGE  EXTERNAL 

FLAP.  (Farabeitf.) 
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from  the  soft  parts,  tand  is  turned  up  as  a  cuff  until  the  soft 
parts  arc  exposed  at  the  same  level  all  round  the  limb.  At 
the  sides  and  at  the  posterior  aspect  of  the  leg  the  skin — 
which  has  here  merely  undergone  its  natural  retraction — is 
not  disturbed. 

8.  The  knee  is  now  flexed,  and  the  leg  turned  outwards — 
I.e.,  with  its  outer  surface  directed  downwards.  The  calf 
being  well  exposed,  the  gastrocnemius  muscle  is  separated 
from  the  deep  flexors  with  the  fingers,  and  is  divided  trans- 
versely at  the  level  of  the  retracted  skin. 

4.  The  integiuTients  all  round  are  now  retracted  as  high 
as  possible,  the  gastrocnemius  muscle  being  separated  up 
with  the  skin  at  the  posterior  part  of  the  leg. 

This  retraction  and  separation  of  the  skin  should  not 
reach  so  high  as  the  future  saw-line. 

5.  The  soft  parts  are  now  divided  transversely  a  little 
below  the  saw-section.  The  division  is  commenced  in  front, 
and  the  limb  is  rotated  from  side  to  side  or  elevated  by  the 
assistant  as  the  surgeon  requires.  These  soft  parts  are  now 
separated  all  round  from  the  bones  and  the  interosseous 
membrane,  and  the  separation  is  carried  to  a  point  a  little 
above  the  saw-line. 

It  is  a  good  practice  to  divide  the  periosteum  of  the  tibia 
— and  possibly  also  of  the  fibula — horizontally  a  little  below 
the  future  saw-cut,  and  to  separate  the  periosteum  from  the 
bones,  together  with  the  soft  parts  immediately  covering  them. 

To  effect  this  the  interosseous  meTubrane  must  be  Avell 
divided,  and  the  periosteum  be  cut  laterally,  so  that  it  may  be 
peeled  off  in  flaps. 

6.  Eetractors  having  been  applied,  the  tibia  and  fibula 
nuist  now  be  sawn  in  the  manner  described  on  page  483.  The 
bones  after  division  will  present  the  appearance  shown  in 
Fig.  137. 

Deep  sutures  having  been  introduced,  and  the  flaps  of 
periosteum  adjusted,  the  operation  is  completed  in  the  usual 
way. 

Comment. — A  good  well-rounded  stump  results  from  this 
method.  It  is  not  adapted  to  withstand  much  direct  pressure, 
since  the  scar  is  terminal.  If  the  weight  is  to  be  borne  upon 
the  bent  tibia,  then  the  stump  is  free  from  reproach. 
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The  value  of  the  circular  amputation  in  this  section  of 
the  lower  limb  has  been  already  discussed  (page  461). 

3.  Other  Methods  of  Amputation. — 1.  Amputation  by 
Equal  Lateral  Flaps. — The  general  shape  and  position  of  the 
Haps  are  shown  in  Fig.  140,  a.  The  flaps  are  semihmar  in  outline. 
The  anterior  median  incision  is  commenced  some  2  cm.  below 
the  future  saw-line,  and  is  carried  vertically  downwards  just  to 
the  outer  side  of  the  crest  or  anterior  border  of  the  tibia.  The 
posterior  incision  is  commenced  on  the  back  of  the  leg,  at  a 
point  diametrically  opposite  to  the  commencement  of  the 
anterior  incision. 

In  length  each  flap  should  shghtly  exceed  the  half- 
diameter  of  the  limb  at  the  saw-line,  retraction  being  allowed 
for. 

Thus,  if  the  half-diameter  be  2|  inches,  or  6  cm.,  the 
lowest  curve  of  each  flap  may  reach  to  a  point  3J  inches,  or 
9  cm.,  below  the  saw-line.  When  the  skin  has  retracted,  each 
flap  will  be  found  to  be  about  2|  inches  in  length. 

The  flaps  are  dissected  up  as  skin-flaps. 

A  little  way  below  the  saw-line  the  soft  parts  of  the  limb 
are  divided  transversely  down  to  the  bones.  They  are  then 
separated  from  the  bones,  and  the  operation  is  completed  as  in 
amputation  by  the  circular  method.  The  bones  are  divided 
as  shown  in  Fig.  137. 

This  operation  is  merely  a  modification  of  the  circular 
amputation.  It  is  easier  to  perform.  The  cicatrix  is  terminal, 
and  is  antero-posterior  instead  of  being  transverse. 

2.  Amputation  by  a  Large  Posterior  Flap,  as  described  in 
the  operation  upon  the  middle  of  the  leg  (page  476),  has  been 
performed  in  this  part  of  the  limb. 

3.  Teales  Amputation  has  also  been  carried  out  at  this 
level. 

It  will  be  seen  that  these  procedures,  especially  the  laiter, 
involve  the  cutting  of  very  large  flaps  without  corresponding- 
advantage. 

AFTER-TREATMENT  OF  AMPUTATIONS  OF  THE  LEG. 

The  stump  should  not  be  covered  by  the  bed-clothes  {see 
page  69),  and  the  limb  should  be  slightly  raised  upon  a  firm 
pillow,  with  the  knee  a  little  bent. 
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In  the  case  of  the  supra-malleolar  amputations,  and  in 
the  amputations  of  the  leg  by  a  large  posterior  flap,  the  limb 
should  be  supported  upon  a  back-splint.  This  splint  should 
be  applied  in  the  manner  already  indicated  (page  309).  Care 
must  be  taken  that  the  wound  is  free  from  pressure.  In 
some  of  the  circular  amputations  also  the  splint  may  be  con- 
veniently applied. 

In  the  other  operations  the  Hmb  may  be  lightly  secured 
to  the  pillow,  the  extremity  of  the  stump  projecting  some 
little  way  beyond  the  end  of  the  support,  as  in  Teale's  opera- 
tion above  the  ankle.  The  same  plan  may  be  adopted  after 
Farabeuf  s  amputation  at  the  place  of  election. 

The  sutures  should  not  be  removed  too  soon,  especial^  in 
cases  where  a  posterior  muscular  flap  has  been  formed,  or 
where  a  single  flap  from  the  outer  side  of  the  limb  has  been 
fashioned,  or  where  the  circular  method  has  been  carried  out. 
After  the  sutures  are  removed  the  flaps  may  possibly  need  to 
be  supported  by  strapping. 

If  drainage-tubes  are  required,  they  should  be  introduced 
for  a  short  distance  only  at  the  angles  of  the  wound.  A  tube 
should  never  be  inserted  through  the  depths  of  the  wound 
from  one  side  of  the  stump  to  the  other.  They  should  be  re- 
moved at  the  earliest  possible  data 


r 


489 


CHAPTER  XXIX. 

Disarticulation  at  the  Knee-Joint. 

This  operation  appears  to  have  been  introduced  into  modern 
practice  by  Velpeau  in  1830,  and  to  have  been  first  per- 
formed in  England  in  1857  by  Mr.  S.  Lane  {Lancet,  vol.  ii., 
1857). 

It  was  not  received  with  great  favour,  and  after  a  while 
feU  into  disrepute.  Not  a  few  surgeons  indeed  considered 
that  the  operation  was  unjustifiable,  and  should  never  be 
performed. 

The  objections  urged  against  it  were  these  : — The  synovial 
pouches  which  were  left  upon  the  stump  suppurated  and 
formed  recesses  for  the  accumulation  of  pus.  The  burs£e  about 
the  joint  gave  similar  trouble.  Pus  spread  dangerously  among 
the  loose  tissues  of  the  ham.  The  cartilage  covering  the 
condyles  of  the  femur  was  apt  to  become  necrosed  and  to  be 
exfoliated  by  a  very  tedious  process.  The  bone  not  infre- 
quently became  involved.  The  flaps  formed  were  disposed  to 
slough,  and  while  this  applied  especially  to  the  large  anterior 
flap,  it  could  also  be  frequently  urged  against  a  large  posterior 
flap.  Even  if  the  patient  survived  the  dangers  of  extensive 
and  prolonged  suppuration,  and  reached  the  time  when  the 
wound  had  healed,  the  resulting  stump  was  still  unsatisfactory. 
It  was  as  a  rule  tender,  disposed  to  ulcerate,  and  unable  to 
bear  pressure. 

The  mortality  of  the  operation  was  considerable.  Panas, 
in  a  statistical  table  {Diet,  de  Med.  et  Ghir.  Prat,  Art.,  Genou), 
showed  that  a  recovery  occurred  in  only  33  cases  out  of  a 
total  of  137  operations. 

Since  the  introduction  of  antiseptic  methods  for  treating 
wounds,  and  of  certain  improvements  in  the  details  of  the 
operation,  the  whole  aspect  of  the  question  has  become 
altered. 
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Flaps  can  now  be  made  that  do  not,  under  ordinary  con- 
ditions, slough.  The  operation  wound  may  heal  up  by  first 
intention,  or  after  only  a  very  moderate  degree  of  suppura- 
tion. Suppurative  inflammation  in  the 
relics  of  the  synovial  membrane  is  no 
longer  to  be  feared,  and  exfoliation  of 
the  cartilage  is  either  not  met  with 
at  all,  or  occurs  as  a  very  limited  and 
quite  accidental  trouble.  The  once 
anxious  doubt  as  to  the  fate  of  the  ar- 
ticular cartilage  no  longer  disturbs  the 
operator's  mind.  It  is  no  longer  neces- 
sary to  fiu'ther  complicate  a  serious 
operation  by  scraping  away  synovial 
membrane  and  cutting  oft"  cartilage. 
Tlie  patient  can  now  bear  the  weight 
of  his  body  upon  the  extremity  of  the 
stump. 

The  mortality  has  also  undergone 
a  substantial  improvement.  Ashhurst 
("  Encyclopfedia  of  Surgery,"  vol.  i., 
1882)  gives  the  statistics  of  794  ex- 
amples of  amputations  of  various  kinds, 
both  through  the  knee-joint  itself  and 
through  the  femoral  condyles.  The 
mortality  is  47 '7  per  cent. 

Bryant,  in  an  account  of  30  dis- 
articulations at  the  knee-joint,  per- 
formed by  himself  between  the  years 
1868  and  1883,  demonstrates  a  mor- 
tality of  less  than  25  per  cent.  Indeed, 
among  19  cases  of  disarticulation  for 
disease,  only  one  death  is  recorded  as  directly  due  to  the 
operation  (Med.-Chir.  Trans.,  vol.  Ixix.,  1886,  page  163). 

This  disarticulation  has  many  advantages  over  the  simpler 
and  more  brilliant-looking  amputations  through  or  above  the 
femoral  condyles.  There  is  less  shock,  and  less  of  the  limb  is 
removed.  The  section  of  the  tissues  of  the  limb  is  less,  and 
the  connective  tissue  planes  of  the  thigh  are  not  opened  up. 
Important  muscular  attachments  are  left  undisturbed,  and 


Fig.  140.— A, 


Amputation 
at  "the place  of  election ' ' 
by  lateral  flaps  ;  B,  Dis- 
articulation at  the  knee 
by  long  anterior  flap. 
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there  is  little  muscular  retraction.  The  cancellous  tissue  of 
the  femur  is  not  exposed  by  the  saw. 

The  stump  is  an  excellent  one,  capable  of  great  mobility 
and  of  bearing  direct  pressure.  This  is  important  when  it  is 
remembered  that  very  few  indeed  of  the  stumps  resulting 
from  amputation  through  the  femur  will  bear  direct  pressure. 
Farabeuf,  writing  upon  this  point,  remarks  that,  so  far  as  he 
knows,  the  stumps  left  after  amputation  through  the  shaft 
of  the  femur  can  never  directly  transmit  the  weight  of  the 
body. 

Before  describing  individual  methods  of  procedure,  it  may 
be  said  that  in  every  case  it  is  essential  that  the  knee-joint  be 
free  from  disease.  In  no  instance  is  it  necessary  to  dissect  away 
the  remains  of  the  synovial  membrane,  nor  to  attempt  its 
destruction  by  scraping.  The  less  the  cartilage  is  disturbed, 
the  better  ;  and  the  practice  of  cutting  it  away  from  the  bone 
is  unnecessary  and  harmful. 

Both  the  patella  and  the  semilunar  cartilages  should  be 
left  undisturbed. 

By  leaving  the  patella  the  stump  is  rendered  firmer,  and 
its  rotundity  is  greatly  increased.  Moreover,  the  attachments 
of  the  quadriceps  are  not  disturbed,  and  the  muscular  strength 
of  the  stump  is  considerably  increased.  On  the  other  hand, 
by  dissecting  out  the  patella  much  damage  is  inflicted  upon 
the  anterior  flap.  Not  only  is  it  dangerously  thinned,  but  its 
blood-supply  is  further  curtailed.  It  has  never  been  shown 
that  any  evil  has  followed  the  retaining  of  the  patella. 

By  leaving  the  semilunar  cartilages  in  contact  with  the 
bone,  the  upper  part  of  the  synovial  capsule  is  held  down 
firmly  to  the  condyles  of  the  femur,  and  the  soft  parts  con- 
cerned are  kept  well  in  place.  Dr.  Brinton  advocated  the 
leaving  of  the  cartilages  in  the  stump  as  early  as  1872.  "  By 
thus  leaving  them  in  position,"  he  writes,  "  I  have  a  cap  fitted 
upon  the  end  of  the  femur,  which  preserves  all  the  fascial 
relations,  eventually  prevents  retraction,  and  guards  against 
the  projection  of  the  condyles."  Mr.  Bryant  endorses  this 
advice. 

Anatomical  Points. — The  skin  over  the  front  of  the  knee- 
joint  is  dense,  coarse,  and  movable,  and  well  supplied  with 
blood.    The  subcutaneous  tissues  are  scanty.    The  skin  is 
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most  loose  in  the  position  of  extension.  When  the  joint  is 
flexed,  the  integuments  are  dnawn  tightly  over  the  patella. 
In  dissecting  up  an  anterior  skin-flap  therefore,  the  limb  is 
ke]Dt  extended. 

The  vessels  supplying  the  soft  parts  in  front  of  the  joint — 
the  parts  forming  the  large  anterior  flap — are  the  anastomotica 
magna,  the  four  articular  branches  of  the  popliteal,  and  the 
anterior  tibial  recurrent.  The  last-named  vessel  and  the  two 
lower  articular  arteries  are  divided  when  the  flap  is  cut.  The 
most  important  vessels  in  the  separated  flap  are  those  derived 
from  the  anastomotica  magna. 

The  inter-articular  line  is  easily  demonstrated.  The  crease 
in  the  skin  which  passes  transversely  across  the  ham  is  some 
way  above  the  line  of  the  knee-joint.  The  inner  condyle  of 
the  femur  is  much  more  prominent  than  the  external,  a  point 
to  be  borne  in  mind  in  fashioning  lateral  flaps.  The  tubercle 
of  the  tibia  and  the  head  of  the  fibula  are  nearly  upon  the 
same  level. 

The  synovial  membrane  of  the  knee-joint  extends  upwards 
as  a  cul-de-sac,  about  one  inch  above  the  upper  margin  of  the 
patella.  Above  this  pouch  is  a  bursa  between  the  femur  and 
the  quadriceps  tendon.  It  measures  about  one  inch  vertically. 
This  bursa  communicates  with  the  joint  in  some  seven  cases 
out  of  ten  in  children,  and  in  about  eight  cases  out  of  ten  in 
adults. 

The  upper  third  of  the  patellar  ligament  is  in  relation  with 
the  synovial  membrane. 

The  lower  end  of  the  patella  corresponds  roughly  to  the 
inter-articular  line,  when  the  knee  is  extended.  To  be  quite 
precise,  it  is  just  level  with  the  upper  margin  of  the  tibia. 

The  external  semilunar  cartilage  is  smaller,  rounder,  less 
firmly  attached,  and  more  movable  than  the  internal 

At  the  inter-articular  line  the  popliteal  artery  is  descending 
vertically  behind  the  middle  of  the  joint  capsule,  upon  which 
it  rests.  It  terminates  on  a  level  with  the  loAver  part  of  the 
tubercle  of  the  tibia.  At  the  level  of  the  knee-joint  the 
popliteal  vein  is  lying  behind  the  artery.  The  internal 
popliteal  nerve  is  behind  the  vein,  and  a  little  to  its  outer 
side.  The  walls  of  the  vein  are  so  dense  and  thick  that  on 
section  the  vessel  looks  almost  like  an  artery.     It  is  very 
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closely  adherent  to  the  arterial  trunk.  The  internal  saphenous 
vein  passes  along  the  back  of  the  internal  condyle. 

The  upper  articular  arteries  run  transversely  outwards  and 
inwards  just  above  the  femoral  condyles.  The  articular 
vessels  below  the  knee  run  respectively  just  below  the  inner 
tuberosity  of  the  tibia  and  just  above  the  head  of  the  fibula. 
The  superior  external  and  inferior  internal  arteries  are  of  fair 
size.    The  others  are  quite  small. 

The  large  sural  arteries  arise  just  above  the  joint-line. 

The  following  methods  are  here  described : — 

1.  Disarticulation  by  lateral  flaps  (Stephen  Smith's 

operation). 

2.  Disarticulation  by  elliptical  incision  (Bauden's 

operation). 

3.  Disarticulation  by  long  anterior  flap. 

1.  Disarticulation  by  Lateral  Flaps  (Stephen  Smith's 
Operation). — This  operation,  Imown  usually  as  disarticulation 
by  "lateral  hooded  flaps,"  is  described  in  the  American 
Journal  of  Medical  Sciences,  January,  1870. 

The  flaps  consist  of  the  integuments  only,  the  posterior 
muscles  being  divided  transversely  about  the  level  of  the 
articulation. 

Instruments. — An  amputating-knife  with  a  blade  5  to 
6  inches  in  length ;  a  stout  scalpel ;  six  pressure  forceps ;  artery 
and  dissecting  forceps ;  retractors,  scissors,  etc. 

Position. — The  patient  lies  upon  the  back,  and  is  so  placed 
that  the  middle  of  the  thigh  rests  upon  the  lower  margin  of 
the  table.  The  sound  limb  is  secured  out  of  the  way.  The 
surgeon  stands  to  the  outer  side  of  the  right  leg,  to  the  inner 
side  of  the  left.  One  assistant,  placed  at  the  extremity  of  the 
limb,  holds  the  leg  and  manipulates  it  as  required.  The 
second  assistant  stands  facing  the  surgeon,  and  attends  to 
the  flaps,  the  sponging,  etc. 

Operation. — The  flaps  are  of  somewhat  semilunar  outline. 
The  incision  commences  in  front,  in  the  median  line,  about  one 
inch  below  the  tubercle  of  the  tibia.  It  is  carried  in  a  curved 
manner  across  the  most  promment  part  of  the  outer  side  of  the 
leg,  and  is  then  made  to  slojje  upwards  to  reach  the  middle 
line  at  the  posterior  aspect  of  the  limb.  It  terminates  as  a 
vertical  cut  opposite  the  centre  of  the  inter-articular  line. 
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A  second  incision  begins  at  the  same  point  on  the  front 
of  the  limb  as  the  first,  and  pursues  a  similar  direction  across 
the  inner  side  of  the  leg,  meeting  the  first  incision  at  the 
median  line  upon  the  posterior  aspect  of  the  extremity.  The 
inner  flap  should  be  a  little  fuller  than  the  outer,  in  order  to 
ensure  a  suflficient  covering  for  the  internal  condyle,  which  is 
longer  and  larger  than  the  external. 

The  outline  of  the  flaps  is  shown  in  Fig.  141,  a. 
1.  The  skin  incisions  on  both  the  right  and  the  left  leg 
arc  inore  conveniently  made  by  cutting  from  behind  forwards. 

The  knife  is  entered  at  the  posterior 
aspect  of  the  limb,  at  a  spot  opposite 
to  the  centre  of  the  inter-articular  line, 
and  is  drawn  forwards,  first  upon  one 
side  of  the  limb  and  then  upon  the 
other,  to  reach  the  point  of  meeting, 
one  inch  below  the  tubercle  of  the  tibia. 

While  the  outer  incision  is  being 
made  the  limb  is  rotated  inwards,  and 
vice  versa. 

The  knee-joint  should  be  extended 
during  the  cutting  of  the  flaps. 

2.  The  skin  is  freed  all  round,  and 
the  two  flaps  are  dissected  up.  They 
should  include  all  the  soft  parts  down 
to  the  tendons  and  muscles,  which  are 
well  laid  bare,  but  are  as  yet  left  un- 
cut. The  patellar  hgament  is  cut  as 
soon  as  it  is  reached,  being  divided 
against  the  tuberosity  of  the  tibia. 

The  flaps  are  retracted  to  the  level 
of  the  joint-line. 
3.  An  incision  is  now  made  along  the  extreme  upper 
margin  of  the  tibia.  This  incision,  which  is  transverse  and 
concerns  the  anterior  and  lateral  aspects  of  the  bone,  divides 
everything  down  to  the  bone,  including  the  ilio-tibial  band, 
the  tendons  of  the  sartorius,  gracilis,  semitendinosus  and  biceps 
muscles,  the  internal  and  external  lateral  ligaments,^  and, 
lastly,  the  coronary  ligaments  attaching  _  the  semilunar 
cartila  ges.    The  knife,  indeed,  enters  the  joint  between  the 


Fig.  141. — A,  Stephen  Smith's 
disarticulation  at  the  knee  ; 
B,  Amputation  of  the  thigh 
by  lateral  flaps. 
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upper  surface  of  the  tibia  and  these  cartilages,  and  it  is  in 
this  manner  that  the  articulation  is  opened.  In  dividing  the 
coronary  ligaments  the  knife  should  be  entered  at  the  sides  of 
the  joint  and  not  in  front. 

The  knee  is  now  flexed,  and  the  two  crucial  ligaments  are 
carefully  divided  from  before  backwards. 

4.  Nothing  remains  but  to  divide  by  a  vigorous  trans- 
verse cut  the  soft  parts  still  connecting  the  leg  with  the  thigh, 
viz.,  the  posterior  ligament  of  the  joint,  the  popliteal  vessels 
and  nerves,  the  popliteus  and  gastrocne- 
mius muscles,  and  the  semi-membranosus 
or  other  undivided  tendon  of  the  ham. 

Before  making  this  final  incision,  the 
assistant  who  is  retracting  the  flaps 
should  compress  the  popliteal  artery 
against  the  lower  end  of  the  femur. 

Bryant  advises  that  the  condyloid 
orisrins  of  the  grastrocnemius  should  be 
removed,  but  there  appears  to  be  no  need 
for  this  step. 

Hcemorrhage. — The  popliteal  artery 
and  vein  are  the  only  vessels  of  any  size 
requiring  ligature.  Ligatures  will  probably 
be  needed  for  the  sural  arteries,  the  azygos 
artery,  for  branches  of  the  superior  articular  vessels  (especially 
on  the  outer  side),  and  for  the  superficial  division  of  the  ana- 
stomotica  magna  (on  the  inner  side  of  the  limb). 

Comment. — This  operation  provides  an  excellent  and  com- 
plete covering  for  the  condyles  of  the  femur.  When  the  edges 
of  the  flaps  are  brought  together,  the  wound  looks  directly 
downwards  as  the  patient  lies  in  bed.  The  stump  therefore  is 
admirably  provided  for  in  the  matter  of  drainage. 

A  very  serviceable  extremity  results.  The  cicatrix  lies  in 
an  antero-posterior  direction  between  the  condyles,  and  in 
process  of  time  occupies  the  inter-condyloid  notch.  Into  this 
depression  it  sinks,  and  the  prominent  condyles  serve  to  effec- 
tually protect  it  from  pressure.  It  will  be  seen,  moreover,  that 
the  scar  is  in  time  drawn  towards  the  posterior  aspect  of  the 
limb,  and  is  thus  further  protected  from  pressure  when  an 
artificial  leg  is  worn  (Fig.  142). 


Fig.  142. — THE  STUMP 
AFTER  STEPHEN  SMITH' S 
AMPUTATION  AT  THE 
KNBE  -  JOINT.  (After 

Bryant.) 
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Pick's  Operation. — Mr.  Pick  {Med.  Soc.  Trans.,  1884,  page 
184)  has  devised  a  very  similar  operation  to  the  present.  Two 
Literal  skin-flaps  are  made.  "  The  incision  is  commenced  at  the 
upper  border  of  the  patella,  and  is  carried  down  the  middle 
line  of  the  limb  as  low  as  the  tubercle  of  the  tibia.    It  is 

then  curved  outwards  over  the  outer 
side  of  the  leg  to  the  back,  and  is 
carried  upwards  along  the  middle 
line  to  a  point  corresponding  to  the 
commencement  of  the  incision  on  the 
front  of  the  leg.  A  similar  incision 
is  carried  round  the  inner  side  of  the 
leg,  and  thus  two  somewhat  quad- 
rilateral flaps  with  rounded  corners, 
consisting  only  of  skin  and  subcu- 
taneous tissue,  are  mapped  out.  The 
lowest  point  of  the  flaps  is  about  1| 
inch  below  the  level  of  the  tubercle 
of  the  tibia.  They  arc  dissected  up 
as  high  as  the  articulation.  The 
patella  is  removed,  and  the  vjirious 
structures  around  the  joint  are  di- 
vided by  a  circular  sweep  of  the 
knife." 

Compared  with  Stephen  Smith's 
operation,  Mr.  Pick's  procedure  has 
the  disadvantage  of  bringing  the 
cicatrix  too  far  forward  on  to  the 
anterior  aspect  of  the  stump. 

2.  Disarticulation  by  Elliptical 
Incision  (Baiuien's  Operation). — 
The  instilments  required  and  the 
position  of  the  patient  and  of  the 
surgeon  are  the  same  as  in  the 
previous  operation. 

The  inter-articular  line  having 
been  made  out,  the  antero-posterior 
diameter  of  the  limb  at  this  line  is  estimated.    The  ellip- 
tical incision  is  so  planned  that  its  lowest  part  crosses  the 
crest  of  the  tibia,  at  a  distance  below  the  joint-line  equal  to 


Fig.  143. — ^A,  Disarticulation  at 
the  knee  by  the  elliptical 
method  (Bauden's  operation)  ; 
B,  Henry  Lee's  amputation  of 
the  leg. 
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the  antero-posterior  diameter  of  the  Umb.  The  highest  part 
of  the  elhpse  reaches  the  median  Hne  posteriorly  at  a  distance 
of  half  a  diameter  below  the  same  Ime.  The  incision  is 
inclined  at  an  angle  of  about  30  degrees  (Fig.  143,  a). 

The  incision  is  carried  through  the  integuments,  which 
are  then  well  freed  along  the  whole  extent  of  the  wound. 

The  skin  on  the  anterior  aspect  of  the  limb  is  turned  up  in 
the  form  of  a  cuff,  while  that  upon  the  posterior  side  of  the 
leg  is  displaced  upwards  by  gliding  merely. 

By  the  employment  of  these  two  methods  the  integuments 
are  retracted  as  far  as  the  patella,  the  knee-joint  being  kept 
extended  during  the  process. 

The  limb  is  now  flexed  a  little,  the  pateUar  Hgament  is 
divided,  and  the  articulation  is  entered  by  passing  the  knife 
betAveen  the  semilunar  cartilages  and  the  head  of  the  tibia, 
as  in  the  operation  last  described. 

Both  the  patella  and  the  semilunar  cartilages  are  pre- 
served. 

The  hgaments  having  been  divided  as  abeady  described, 
the  soft  parts  at  the  back  of  the  joint  are  severed  by  a 
circular  cut  with  the  knife,  made  from  before  backwards. 
(See  page  459.) 

The  cicatrix  resulting  from  this  operation  is  transverse, 
and  is  placed  upon  the  posterior  aspect  of  the  limb.  A  very 
excellent  stump  is  obtained. 

3.  Disarticulation  by  Long  Anterior  Flap. — This  is 
sometimes  known  as  Pollock's  operation,  the  procedure 
having  been  elaborated  by  that  surgeon. 

Both  of  the  flaps  are  skin-flaps,  and  are  somewhat  rect- 
angular in  outline  (Fig.  140,  b). 

The  following  is  Mr.  Pollock's  description  (Medico- 
Ckirmrjical  Transactions,  vol.  liii.,  1870) : — "  I  feel  for  the 
interval  between  the  edges  of  the  outer  condyle  and  head  of 
the  tibia,  and  commence  my  incision  at  that  point,  and  im- 
mediately behind  the  edge  of  the  hamstring  muscle  as  it 
crosses  that  space.  I  take  especial  care  never  to  commence 
my  incision  higher  than  the  margin  of  the  condyle.  The 
incision  should  be  carried  perpendicularly  downwards  on  the 
side  of  the  leg  till  nearly  five  inches  below  the  lower  edge  of 
the  patella,  then  gradually  brought  across  the  front  of  the  leg, 
o  G 
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and  when  crossing  the  tibia  should  bo  quite  live  inches  below 
the  patella,  then  carried  up  the  inner  side  to  a  point  correspond- 
ing exactly  to  that  from  which  the  incision  conniienced.  I 
usually  make  the  posterior  flap  by  cutting  from  without 
inwards  ;  it  should  not  be  too  short,  and  should  consist  merely 
of  integument.  As  soon  as  the  flaps  are  completed,  all  the 
structures  round  the  jomt  should  be  divided  at  right  angles 
with  the  limb."    The  patella  is  left. 

The  resulting  cicatrix  is  transverse,  and  is  placed  upon 
the  posterior  aspect  of  the  stump. 

Comment. — Other  methods  of  disarticulating  at  the  knee- 
joint  may  bo  mentioned,  such  as  the  operation  by  equal 
anterior  and  posterior  flaps,  and  the  operation  by  cutting  a 
single  long  posterior  flap  from  the  soft  parts  of  the  calf  The 
three  most  noteworthy  methods,  however,  are  those  just 
given. 

Of  these  the  best  is  certainly  that  first  described — the 
disarticulation  by  lateral  flaps.  This  operation  is  shnple  and 
is  easily  performed;  it  makes  no  great  demands  upon  the 
tissues  on  any  one  side  of  the  hmb ;  it  leaves  a  wound 
well  adapted  for  satisfactory  drainage,  and  an  admirable  stump 
with  a  well-protected  cicatrix.  The  flaps,  moreover,  are  well 
nourished. 

Most  of  these  advantages  can  be  claimed  for  the  second 
operation — that  by  the  elliptical  incision.  In  this  proce- 
dure no  great  demands  are  made  upon  the  soft  parts  of  the 
leg,  and  the  wound  admits  of  satisfactory  drainage.  The 
operation,  however,  is  not  so  easy  to  perform  ;  the  cicatrix  is 
transverse,  and  is  consequently  not  so  well  protected  as  it 
is  in  Stephen  Smith's  operation,  where  it  sinks  into  the  inter- 
condyloid  notch.  By  both  these  operations  an  excellent  cover- 
ing is  provided  for  the  condyles. 

The  operation  by  the  long  anterior  flap  was  for  many 
years  the  chief  method  employed  by  English  surgeons  for 
amputations  at  the  knee-joint.  The  method,  however,  does 
not  compare  favourably  with  the  two  operations  alread)'' 
alluded  to.  The  long  anterior  flap  does  not  in  the  first  place 
provide  so  good  a  covering  for  the  condyles.  In  the  second 
instance  it  is  of  so  great  a  length,  and  so  thin  in  substance, 
that  it  is  of  necessity  ill-nourished  and  liable  to  slough 
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This  circumstance  offers  the  most  serious  objection  to  the 
operation.  In  34  examples  of  disarticulation  by  the  long 
anterior  flap,  tabulated  by  Bryant  and  Pick,  sloughing  followed 
in  no  less  than  19  cases — i.e.,  in  55  per  cent.  In  some  of  the 
instances  the  sloughing  was  very  extensive. 

In  twenty-one  of  Mr.  Bryant's  cases  in  which  Stephen 
Smith's  operation  was  performed,  sloughing  of  the  flaps  oc- 
curred in  only  four  instances,  and  in  all  of  these  the  process 
was  of  a  limited  extent. 

It  would  appear  also  that  in  the  procedure  by  elliptical 
incision,  sloughing  is  equally  or  even  less  uncommon. 

The  operation  by  the  long  anterior  flap  makes,  moreover,  a 
great  demand  upon  one  particular  side  of  the  limb,  the  wound 
is  not  so  well  adapted  for  spontaneous  drainage,  and  in  the 
resulting  stump  the  cicatrix  is  not  quite  so  favourably 
placed. 

The  long  posterior  flap  has  nothing  to  recommend  it.  The 
flap  made  is  heavy  and  cumbrous  ;  it  is  very  apt  to  slough 
and  to  undergo  considerable  retraction. 

The  operation  may  be  entertained  in  cases  of  localised 
destruction  of  the  integuments  of  the  front  of  the  leg. 

AFTER-TREATMENT  OF  AMPUTATIONS  AT  THE  KNEE-JOINT. 

The  stump  should  not  be  covered  up  by  the  bed-clothes 
(page  69).  The  limb  should  be  shghtly  raised  upon  a  firm 
pillow.  To  this  support  the  thigh  should  be  lightly  secured — 
in  such  a  way  that  the  extremity  of  the  stump  projects  a  little 
beyond  the  end  of  the  pillow  or  cushion. 

In  none  of  the  operations  named  is  a  splint  required. 

Excellent  drainage  is  offered  by  the  position  of  the  wound, 
and  drainage-tubes  should  only  be  used  in  exceptional  cases. 
In  no  circumstances  should  a  tube  be  passed  right  across 
the  wound  from  one  end  to  the  other.  There  is  often  con- 
siderable strain  upon  the  sutures,  which  should  not  be  removed 
too  soon.  Silkworm-gut  sutures  may  be  left  in  for  ten,  or 
even  fourteen,  days  if  necessary. 
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CHAPTER  XXX. 

Amputation  of  the  Thigh  through  the  Condyles. 

In  this  operation  the  femur  is  divided  at  the  bases  of  tlie 
condyles,  about  the  level  of  the  tubercle  for  the  insertion  of 
the  adductor  magnus  tendon,  or  a  little  above  that  spot.  The 
patella  is  removed. 

Anatomical  Points. — The  feiiuu-  at  the  level  named  is  still 
of  considerable  Avidth,  and  is  composed  of  cancellous  tissue. 
The  medullary  canal  does  not  commence  until  the  narrower 
part  of  the  shaft  of  the  bone  is  reached,  some  inches  above 
the  inter-articular  line. 

The  trochlear  surface  of  the  femur  reaches  much  higher 
up  on  the  external  than  on  the  internal  condyle.  The  former 
process  is  somewhat  more  prominent  anteriorly. 

A  horizontal  saw-cut  made  at  the  level  of  the  adductor 
magnus  tubercle  will  remove  the  whole  of  the  bone  carrymg 
articular  cartilage.  Such  a  cut,  indeed,  just  touches  the  upper 
limit  of  the  cartilage.  This  saw-line  also  corresponds  to  the 
epiphyseal  line. 

The  lower  epiphysis  does  not  join  the  shaft  until  the  age 
of  20  years.  In  young  subjects  the  saw  should  be  passed,  if 
possible,  below  the  epiphyseal  line. 

The  only  muscular  fibres  attached  about  the  bases  of  the 
condyles  belong  to  the  gastrocnemius  and  plantaris  muscles, 
and  to  the  lower  part  possibly  of  the  adductor  magnus. 

At  the  level  of  the  saw-line  the  graciHs  and  semi- 
tendinosus  are  wholly  tendinous  ;  the  sartorius  is  still 
muscular,  and  the  biceps  and  scmi-membranosus  are  still  in 
great  part  muscular.  The  popliteus  arises  below  the  level  of 
the  saw-line. 

The  patella  is  removed  in  the  operation,  and  as  the 
important  fibrous  expansions  on  either  side  of  it,  belonging  to 
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the  vasti,  are  divided,  the  quadriceps  is  set  free,  and  consider- 
able retraction  of  the  fibres  of  that  muscular  mass  must  be 
anticipated. 

The  synovial  pouch,  extending  upwards  between  the 
quadriceps  and  the  femur,  has  been  alluded  to  (page  492).  • 

At  the  level  of  the  saw-hne  the  popliteal  artery  is  resting 
obliquely  against  the  inner  segment  of  the  bone.  The  vein 
lies  behind  it  and  to  its  outer  side.  The  nerve  is  quite  to  its 
outer  side. 

Instruments. — Amputating-knife  five  to  six  inches  in 
length  as  regards  its  blade.  Stout  scalpel.  Butcher's  saw. 
Eetractors.  Six  pressure  forceps.  Artery  and  dissecting 
forceps ;  scissors,  etc.    Lion  forceps  may  be  required. 

Position.— The  position  of  the  surgeon  and  of  his 
assistants  is  the  same  as  in  the  last  series  of  operations 
(page  493). 

Three  methods  will  be  described  :— 

1.  Garden's  operation. 

2.  Modification  of  Garden's  operation. 

3.  Gritti's  operation. 

1.  Garden's  Operation. — Mr.  Richard  Garden's  operation 
was  first  described  in  the  Britisli  Medical  Journal  for  April, 
1864,  although  that  surgeon  had  carried  out  the  method  now 
known  by  his  name  since  1846. 

"  This  operation,"  he  writes,  "  consists  in  reflecting  a 
rounded  or  semi-oval  flap  of  skin  and  fat  fi'om  the  front  of  the 
joint,  dividing  everything  else  straight  down  to  the  bone,  and 
sawing  the  bone  slightly  above  the  plane  of  the  muscles,  thus 
forming  a  flat-faced  stump  Avith  a  bonnet  of  integument  to  fall 
over  it.  .  .  .  The  operator,  standing  on  the  right  side  of  the 
leg,  seizes  it  between  the  left  forefinger  and  thumb,  at  the  spot 
selected  for  the  base  of  the  flap,  and  enters  the  point  of  the 
knife  close  to  his  finger,  bringing  it  round  through  skin  and 
fat  below  the  patella  to  the  spot  pressed  by  his  thumb  ;  then 
turning  the  edge  downwards  at  a  right  angle  with  the  line 
of  the  limb,  he  passes  it  through  to  the  spot  where  it  first 
entered,  cutting  outwards  through  everything  behind  the 
bone.  The  flap  is  then  reflected,  and  the  remainder  of  the 
soft  parts  divided  straight  down  to  the  bone  ;  the  uuiscles  are 
then  slightly  cleared  upwards,  and  the  saw  is  applied." 
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The  procedure  might  be  described  in  greater  detail  as 
follows  : — 

1 .  The  incision  is  commenced  at  the  most  prominent  part 
of  the  tuberosity  of  one  condyle,  and  ends  at  a  corresponding- 
point  on  the  other  condyle.  The  cut  over  the  front  of  the 
limb  sweeps  with  an  easy  curve  between  these  two  points,  and 
crosses  the  median  line  about  the  middle  of  the  patellar  liga- 
ment.   The  posterior  incision  is  quite  horizontal  (Fig.  133,  c). 

The  anterior  cut  is  made  first.  The  points  of  starting  and 
ending  may  be  marked  by  the  thiunb  and  forefinger,  as  Garden 
advises.  The  knee-joint  is  a  little  tiexed  as  this  incision  is 
being  made.  In  the  right  limb  it  is  commenced  on  the  inner 
side,  and  in  the  left  extremit}^  on  the  outer  side.  The  assistant 
rotates  the  limb  as  the  knife  passes  across  it. 

The  posterior  incision  is  made  by  one  single  transverse 
sweep.  Both  incisions  should  involve  at  first  only  the  skin  and 
the  subcutaneous  tissues. 

2.  The  limb  being  extended,  the  anterior  flap  is  dissected 
up,  containing  all  the  soft  parts  down  to  the  patella  and  the 
capsule  of  the  joint.  The  posterior  "  flap  "  may  be  a  little 
freed  and  allowed  to  glide  up,  in  order  to  aid  the  separation  of 
the  anterior  flap. 

3.  The  knee  being  flexed,  the  joint  is  opened  by  cutting 
through  the  quadriceps  tendon  just  above  the  patella.  That 
bone  is  seized  by  the  surgeon,  and  the  anterior  capsule  divided 
on  either  side.  The  crucial  and  lateral  ligaments  are  cut. 
With  one  vigorous  sweep  of  the  knife  the  tissues  at  the 
posterior  aspect  of  the  limb  are  then  divided  down  to  the 
bone  at  the  level  of  the  hinder  skin  mcision. 

A  few  touches  with  the  knife  serve  to  entirely  separate  the 

leg. 

4.  The  soft  parts  are  now  retracted  so  as  to  clear  the  bone 
for  the  passage  of  the  saw.  In  dividing  the  femur  the  saw 
must  be  kept  parallel  to  the  articular  surface  and  perpen- 
dicular to  the  shaft. 

In  young  subjects  regard  must  be  had  for  the  epiphyseal 
line. 

Hwmorrlutge. — The  popliteal  artery  is  divided  close  to 
the  bone  at  its  inner  aspect.  Some  muscular  branches  may 
require  ligature. 
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On  the  cut  surface  of  tlie  posterior  flap  will  be  found  the 
two  superior  articular  branches  from  the  popliteal  (divided 
close  to  the  femur),  and  the  anastomotica  magna  (on  the  inner 
side).  Branches  of  the  latter  vessel  and  of  the  descending- 
portion  of  the  external  circumflex  may  require  to  be  secured 
in  the  margins  of  the  anterior  flap. 

Comment. — "  When  the  soft  parts  are  thickened  and  con- 
densed by  inflammation,  the  integuments  cannot  well  be 
reflected  above  the  patella  with  such  incisions  of  the  skin. 
But  the  difficulty  may  be  got  over  by  cutting  into  the  joint  as 
soon  as  the  ligamentum  patellie  is  exposed,  and  at  once 
removing  the  leg  by  dividing  the  ligaments  and  hamstrings  ; 
after  which  the  soft  parts  can  be  retracted  from  the  femur 
suflfciently  to  permit  the  application  of  the  saw.  The  arteries 
having  then  been  secured,  the  patella  is  dissected  out  at 
leisure  "  (Lister'). 

2.  Modifications  of  Garden's  Operation. — a.  Sir  Joseph 
Lister  ("  Holmes'  System  of  Surgery,"  vol.  iii.,  1883)  writes 
as  follows  : — 

"  I  found  it  advantageous  to  form  a  short  posterior  skin 
flap,  both  for  the  sake  of  co-aptation  of  the  cutaneous  margins 
without  puckering,  and  as  a  useful  addition  to  the  covering 
for  the  end  of  the  stump. 

"  The  surgeon  flrst  cuts  transversely  across  the  front  of  the 
limb,  fi-om  side  to  side,  at  the  level  of  the  anterior  tuberosity 
of  the  tibia,  and  joins  the  horns  of  this  incision  posteriorly  by 
carrying  the  knife  at  an  angle  of  forty-five  degrees'  to  the  axis 
of  the  leg  through  the  skin  and  fat  (Fig.  133,  d).  The  limb 
being  elevated,  he  dissects  up  the  posterior  skin-flap,  and  then 
proceeds  to  raise  the  ring  of  integument  as  in  a  circular  ojDcra- 
tion,  taking  due  care  to  avoid  scoring  the  subcutaneous  tissue, 
and  dividing  the  hamstrings  as  soon  as  they  are  exposed ;  and 
bending  the  knee,  he  finds  no  difficulty  in  exposing  the  upper 
border  of  the  patella.  He  then  sinks  his  knife  through  the 
insertion  of  the  quadriceps  extensor,  and  having  cleared  the 
bone  immediately  above  the  articular  cartilage,  and  holding 
the  limb  horizontal,  ho  applies  the  saAv  vertically,  and  at  the 
same  time  transversely,  to  the  axis  of  the  limb  (not  of  the 
bone),  so  as  to  ensure  a  horizontal  surface  for  the  patient  to 
rest  on." 
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B.  Faraheuf's  modification  of  Carden's  procedure  is  prac- 
tically a  new  operation.  The  femur  is  divided  at  the  same 
level,  but  different  flaps  are  cut.  The  anterior  flap  exceeds 
in  length  the  antero-posterior  diameter  of  the  Hmb  at  the 
saw-line  by  about  an  inch.  The  posterior  flap  is  equal 
to  half  that  diameter.  The  lateral  incisions  which  mark 
out  the  anterior  flap  connnence  just  below  the  joint-line 
(Fig.  144).    The  outer  cut  descends  on  the  fibula,  the  inner  is 

placed  about  two  inches  behind  the 
inner  edge  of  the  tibia.  The  anterior 
flap,  therefore,  will  occupy  more  than 
half  the  circumference  of  the  'limb. 

The  steps  of  the  operation  are  pre- 
cisely the  same  as  in  Carden's  method. 
An  excellent  stiunp  is  provided. 

The  cicatrix  in  all  these  operations 
is  found  upon  the  posterior  aspect  of 
the  limb. 

8.  Gritti's  Operation. — This  opera- 
tion, designed  by  Rocco  Gritti,  of  Milan, 
in  1857  (Annali  Universali  di  Mecli- 
cina,  Milan,  1857),  is  an  application  of 
the  osteo-plastic  method  of  Pirogoft'  to 
amputations  at  the  knee. 

The  patella  is  retained,  but  its  ar- 
ticular surface  is  removed  with  the 
saw.  To  effect  this  the  bone  has  practically  to  be  bisected. 
The  femur  is  divided  transversely  at  the  upper  edge  of  the 
articular  surface — i.e.,  about  the  level  of  the  adductor  magnus 
tubercle. 

The  two  sawn  surfaces  of  bone  are  brought  together,  and  it 
is  presumed  that  they  will  unite,  that  the  patella  will  form 
the  summit  of  the  stump,  and  that  upon  it  the  weight  of  the 
body  will  be  borne. 

Operation. — The  position  of  the  patient,  and  of  the  surgeon 
and  his  assistants,  is  the  same  as  in  the  preceding  operations. 
In  addition  to  the  instruments  enumerated,  the  following  are 
required : — A  fine  metacarpal  saw,  or  small  Butcher's  saw, 
for  the  patella ;  a  pair  of  lion  forceps  to  hold  the  patella ; 
cutting  pliers,  in  the  event  of  the  articular  surface  of  the 
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patella  being  removed  by  cutting  rather  than  by  the  saw; 
a  bone-drill ;  stout  catgut  or  wire  sutures  or  pegs  for  the  bones. 

An  anterior  flap  is  made  which  commences  on  either  side 
at  the  level  of  the  tuberosities  of  the  femoral  condyles,  and 
Avhich  reaches  below  to  the  lowest  part  of  the  tubercle  of  the 
tibia.  This  flap  is  rectangular  in  outline  (Fig.  131,  d).  The 
skin  at  the  back  of  the  limb  is  divided  transversely  or  by  an 
incision  which  is  inclined  a  little  downwards.  The  general 
steps  of  the  operation  are  the  same  as  those  already  given. 

The  anterior  flap  is  dissected  up  as  soon  as  the  ligamen- 
tum  patelke  has  been  divided  at  its  insertion.  This  flap  is 
turned  up  with  the  patella  in  it  undisturbed.  The  knee- 
joint  having  been  opened,  disarticulation  is  effected,  and  the 
soft  parts  at  the  back  of  the  limb  are  divided  by  a  sweep  of 
the  knife.  The  lower  end  of  the  femur  is  removed  with  the 
saw.  Finally,  the  articular  surface  of  the  patella  is  sawn  off" 
or  removed  by  cutting  pliers. 

The  parts  are  finally  adjusted  when  all  the  bleeding  points 
have  been  secured.    The  cicatrix  is  entirely  posterior. 

Gritti  appears  to  have  employed  no  especial  means  for 
keeping  the  two  bony  surfaces  in  close  contact. 

The  sawing  of  the  patella  presents  the  only  difficult  step 
in  the  operation.    The  bone  has — as  it  were — to  be  split. 

The  patella  should  be  held  vertically  by  an  assistant, 
who  grasps  the  anterior  flap  with  both  hands,  and  so  holds 
it  that  the  bone  is  made  to  stand  out  from  its  surface. 
Another  assistant  should  steady  the  bone  with  a  pair  of 
broad  lion  forceps  while  the  saw  is  being  entered. 

During  the  process  of  sawing,  the  surgeon  should  grasp 
the  ligamentum  patellfe  with  stout  forceps,  held  in  the  left 
hand.  In  order  to  take  advantage  of  this  means  of  steadying 
the  patella,  the  ligament  should  be  cut  as  long  as  possible. 

There  appears  to  be  no  advantage  to  be  gained  by 
removing  the  cartilage  with  cutting  pliers. 

Sir  W.  Stokes  has  considerably  modified  this  operation. 
He  points  out  that  there  is  always  a  difficulty  in  keeping 
the  two  bony  surfaces  together.  These  surfaces  differ  very 
materially  in  size,  and  the  fragment  of  the  patella  is  ver}^ 
apt  to  slide,  to  and  fro  upon  the  wide  surface  of  the  divided 
condyles. 
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Moreover,  so  low  down  is  the  femur  sawn  that  it  is 
sometimes  difficult  to  bring  the  patella  in  easy  contact  with 
it.  The  fragment  of  the  knee-cap  may  have  to  be  forced 
into  position.  The  strain  thus  placed  upon  the  quadriceps  is 
soon  removed  by  the  contraction  of  that  muscle,  and  the 
patella  is  drawn  forwards  and  made  to  assume  an  oblique 
position.  It  then  becomes  a  veritable  foreign  body  in  the 
stump,  and  has  led  to  caries  of  the  'bones  and  to  a  tender  and 
painful  extremity.  To  overcome  these  objections  Stokes 
divides  the  femur  higher  up — viz.,  at  a  point  from  half  to 
three-quarters  of  an  inch  above  the  condyles.  The  section 
of  the  bone  at  this  level  is  more  nearly  equal  in  size  to  that 
of  the  divided  patella.  At  the  same  time  it  is  not  suffi- 
ciently high  up  to  expose  the  medullary  canal. 

Diiferent  flaps  are  cut.  The  anterior  flap  is  oval,  and 
reaches  from  a  pomt  one  inch  above  either  condyle  to  a 
point  just  beloAv  the  tubercle  of  the  tibia.  A  posterior  flap 
is  formed,  which  is  at  least  one-third  of  the  length  of  the 
anterior  flap. 

The  bones  may  be  kept  in  position  either  by  closely 
suturing  the  soft  parts  above  the  patella  to  the  posterior 
flap,  or  by  drilling  the  bones  and  securing  them  by  wire  or 
catgut  sutures  or  by  pegs. 

A  distinction  between  Gritti's  operation  and  Stokes's 
modification  of  the  same  has  been  made  by  describing  the 
former  as  a  trans-condyloid  amj)utation,  and  the  latter  as  a 
supra-condyloid. 

Comment. — In  commenting  upon  these  various  procediu'es 
it  may,  in  the  first  place,  be  said  that  the  best  method  of 
removing  the  limb  about  the  knee  is  undoubtedly  by  dis- 
articulation. The  advantages  of  this  procedure,  when  com- 
pared with  amputations  through  the  limb  immediately  above 
the  knee,  have  been  already  dealt  with  (page  490).  When 
comparing  the  operations  through  the  condyles  (just  described) 
with  amputations  through  the  shaft  of  the  fenuu",  considerable 
advantages  must  be  allowed  to  attend  the  former  procedures. 

In  the  first  place,  the  stump  left  after  an  amputation 
through  the  femoral  shaft  will  not  bear  direct  pressure,  the 
weight  of  the  body  cannot  be  borne  upon  it,  and  the  artificial 
limb  worn  must  take  its  main  support  from  the  pelvis. 
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In  the  amputations  through  the  condyles,  a  broad  section 
of  bone  is  left  in  the  stump,  and  the  skin  covering  the 
extremity  is  accustomed  to  bear  pressure  (as  in  kneeling). 
It  follows  that  the  stumps  left  after  such  operations  can  bear 
direct  pressure,  and  the  importance  of  this  fact  cannot  Avell 
be  exao'cjerated. 

The  other  advantages  to  be  claimed  for  these  condylar 
operations,  when  compared  with  amputations  through  the 
shaft,  are  these: — The  limb  is  removed  lower  down,  there 
is  less  shock,  and  the  medullary  canal  is  not  opened  up. 
Muscular  attachments  are  but  little  disturbed,  and  such 
muscles  as  are  divided  are  cut  in  their  tendinous  parts,  and 
not  where  the  tissues  are  thick  and  vascular.  The  function  of 
the  adductors  is  scarcely  at  aU  disturbed.  There  is  little 
muscular  retraction,  and  but  slight  disposition  for  the  end  of 
the  bone  to  protrude,  or  for  a  conical  stump  to  result.  Both 
these  comphcations  are  not  uncommon  after  amputations 
through  the  lower  part  of  the  thigh. 

Of  the  methods  described,  Garden's  operation  is  probably 
the  best.  If,  however,  the  flaps  are  cut  precisely  as  Garden 
directed,  they  will  often  be  found  to  provide  but  a  scanty 
covering  for  the  bones.  This  operation,  when  performed 
upon  the  cadaver,  appears  to  be  in  every  respect  admirable, 
but  it  is  a  little  less  satisfactory  on  the  living.  A  flap  cut 
from  the  front  of  the  knee  in  the  living  subject  will  retract 
one-third  of  its  length  after  it  has  been  separated  from  the 
deeper  parts.  Thus  a  flap  six  inches  in  length  will  shorten 
to  one  of  four  inches. 

Either  of  the  two  modifications  of  Garden's  operation  is 
to  be  recommended  in  the  place  of  the  original  procedure. 
They  both  give  admirable  results. 

Considerable  difterences  of  opinion  have  been  expressed 
as  to  the  value  of  Gritti's  operation.  There  is  no  evidence  to 
show  that  the  presence  of  the  patella  in  the  stump  adds  very 
greatly  to  its  usefulness,  nor  improves  its  capacity  for  bearing 
pressure.  Against  the  operation  as  described  by  Gritti,  the  " 
objections  already  detailed  in  the  description  of  the  procedure 
must  be  urged.  These  objections  are  met  by  Stokes's  modifi- 
cation of  the  method.  Excellent  results  have  been  obtained 
by  Stokes's  operation.    One  great  point  in  its  favour  depends 
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upon  the  circumstance  that  the  soft  parts  in  the  anterior  flap 
are  but  Httle  disturbed,  and  the  risks  of  sloughing  of  that  flap 
are  reduced  to  a  minimum. 

The  importance  of  retaining  the  attachment  of  the  quadri- 
ceps has  perhaps  been  a  httle  exaggerated.  The  wasting  of 
that  muscle  after  Stokes's  operation  would  appear  to  be  as 
great  as  after  the  amputation  by  Garden's  method. 
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CHAPTEE  XXXI. 

Amputation  of  the  Thigh. 

The  operations  so  named  concern  amputation  through  the 
shaft  of  the  femur,  and  occupy  an  intermediate  position 
between  disarticulation  at  the  hip-joint  on  the  one  hand, 
and  the  supra-condyloid  or  trans-condyloid  operations  on  the 
other.  For  the  most  part  they  involve  a  division  of  the  bone 
&t  or  below  its  centre.  The  sub-trochanteric  amputation  is 
seldom  performed. 

These  operations  play  a  conspicuous  part  in  surgery,  being- 
performed  for  many  injuries  and  diseases  of  the  leg,  and 
notably  also  for  affections  of  the  knee-joint  and  of  the  popli- 
teal region. 

Practically,  every  known  form  of  amputation  has  been 
carried  out  in  this  part  of  the  limb,  and  nearly  every  method — 
excepting  that  by  a  large  posterior  flap — has  received  a  certain 
degree  of  support. 

The  procedures  themselves  are  involved  under  a  very 
exuberant  and  complicated  nomenclature.  Operations  in  all 
essential  features  ahke,  have  been  separately  designed  by 
independent  surgeons,  and  where  the  names  of  the  authors 
have  been  retained  no  little  confusion  has  resulted. 

Recognised  methods  have  been  modified  in  so  many  ways 
that  a  classification  of  all  known  amputations  of  the  thigh 
becomes  exceedingly  involved. 

No  particular  advantage,  however,  would  appear  to  attend 
the  attempt  to  define  the  distinctive  features  of  such 
operations  as  those  of  Spcnce,  Sedillot,  BenjamiivBell,  and 
O'Halloran,  or  to  retain  the  names  of  those  distinguished 
surgeons  in  association  with  specific  methods. 

Considerable  differences  of  opinion  exist  as  to  the  com- 
parative merits  of  the  various  amputations  in  this  region, 
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and  many  of  the  statements  made  by  most  competent  men 
are  not  reconcilable. 

One  surgeon  (Stimson),  in  his  accomit  of  these  operations, 
makes  no  mention  of  the  circular  amputation,  and  states  that 
"  the  superiority  of  the  flap  operation  (in  this  part  of  the 
Hmb)  is  now  generally  admitted."  Another  writer  (Guerin), 
dealing  with  the  same  region,  observes,  "L'amputation  de  la 
cuisse  est  le  triomphe  de  la  methode  circulaire." 

In  the  account  which  follows,  it  has  only  been  possible  to 
make  a  selection  from  the  twenty  and  more  "  recognised 
methods." 

Anatomical  Points. — The  outline  of  the  diaphysis  of  the 
femur  is  well  known.  The  medullary  cavity,  as  a  distinct 
canal,  occupies  about  the  middle  two-fourths  of  the  shaft  of 
the  bone.  The  nutrient  canal  is  found  upon  the  linea  aspera, 
a  little  way  above  the  centre  of  the  shaft.  The  vessel  it 
contains  is  directed  towards  the  hip. 

The  skin  of  the  thigh  is  somewhat  coarse  and  thick  upon 
the  outer  side  of  the  limb,  and  is  thinner  and  finer  on  the 
inner  aspect.  It  is  but  loosely  attached  to  the  parts  beneath, 
and  thus  it  follows  that  flaps  composed  of  the  integuments 
contract  considerably.  The  skin  is  a  little  more  firmly 
connected  with  the  deeper  parts  along  the  groove  between  the 
vastus  externus  and  the  hamstrings,  this  being  the  situation 
of  the  outer  inter-muscular  septum. 

The  whole  limb  is  invested  by  the  dense  fascia  lata,  which  is 
thinnest  on  the  inner  aspect  of  the  thigh,  and  thickest  exter- 
nally.   On  the  latter  surface  of  the  limb  is  the  ilio-tibial  band. 

In  muscular  subjects  the  outline  of  the  thigh  is  irregular 
on  section  ;  in  stout  and  non-muscular  individuals,  and  in 
young  children,  it  is  more  or  less  evenly  rounded. 

The  great  mass  of  the  muscular  tissue  of  the  part  has 
some  attachment  to  the  femur.  Certain  muscles,  however — 
viz.,  the  hamstrings,  the  gracilis,  and  the  sartorius — are  free. 
Of  these  the  biceps  is  the  least  separate,  being  connected  Avith 
the  femur  below  the  centre  of  the  bone  by  means  of  its 
"  short  head."  It  happens,  therefore,  that  the  thigh  muscles 
retract  very  unequally  when  divided,  retraction  bemg  con- 
spicuous upon  the  posterior  and  internal  aspects  of  the  limb. 

In  a  section  (Braune)  through  the  thigh  at  its  ttp^Jer 
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third — just  below  the  lesser  trochanter — the  bone  is  found  to 
be  well  and  evenly  covered  with  muscles  in  front,  behind, 
and  on  the  inner  side.  It  comes  nearest  to  the  skin  at  the 
outer  aspect  of  the  thigh.  The  muscular  masses  are  extensive, 
and  a  considerable  portion  of  the  gluteus  maximus  comes  into 
the  section. 

When  the  limb  is  divided  transversely  through  the  middle 
of  the  femur,  it  will  be  found  that  the  bone  is  evenly 
surrounded,  and  is  about  the  centre  of  the  section.  The 
main  muscular  masses  are  formed  by  the  vasti,  the  crureus 
and  the  adductor  magnus.  The  section  of  the  last-named 
muscle  is  nearly  equal  in  extent  to  that  of  the  three 
hamstrings  taken  together  at  this  level.  The  biceps  and 
semi-tendinosus  are  here  quite  separate.  The  short  head  of 
the  biceps  is  commencing.  The  adductor  longus  is  small,  and 
the  adductor  brevis  has  disappeared.  The  linea  aspera  is 
most  prominent  at  this  part  of  the  shaft. 

A  transverse  section  at  the  lower  third — about  a  hand's- 
breadth  above  the  knee — shows  that  the  bone  is  now  nearest 
to  the  skin  on  the  anterior  aspect  of  the  limb.  The  great 
bulk  of  the  muscle  tissue  is  behind  the  bone.  The  adductor 
longus  has  disappeared;  the  quadriceps  is  very  much  reduced; 
the  biceps  and  semi-membranosus  still  present  large  surfaces 
on  section ;  the  semi-tendinosus  is  small ;  the  adductor  magnus 
is  considerably  reduced,  and  is  becoming  entirely  free  of  the 
femur. 

The  femoral  artery  ceases  at  the  commencement  of  the 
lower  fourth  of  the  thigh.  In  antero-posterior  flaps  the  vessel 
comes  in  the  anterior  flap  when  above  the  centre  of  the  limb, 
and  in  the  posterior  when  below  that  point. 

At  the  apex  of  Scarpa's  triangle  the  femoral  vein  lies 
behind  the  artery  ;  beloAv  that  spot  it  is  found  somewhat 
on  the  outer  side  of  that  trunk. 

The  internal  saphenous  nerve  accompanies  the  artery,  lying 
upon  its  anterior  surface.  Care  must  be  taken  that  it  is  not 
included  in  the  ligature  when  the  artery  is  secured. 

The  profunda  artery  terminates  at  the  commencement  of 
the  lower  third  of  the  thigh.  The  femoral  and  profunda 
veins  and  the  adductor  longus  are  interposed  between  it  and 
the  femoral  trunk. 
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The  anastoinotica  magna  arises  from  the  femoral  just  before 
It  terminates.     The  superficial  branch  of  the  vessel  is  accom- 
panied to  the  inner  side 
,  of  the  knee  by  the  long 

saphenous  nerve. 

The  descending  branch 
of  the  external  circumflex 
artery  reaches  to  the  outer 
side  of  the  knee. 

The  following  methods 
of  amputating  the  thigh 
will  be  described : — 

1.  Circular  method. 

2.  Syme's  modification 
of  the  circular  method. 

8.  By  long  anterior  and 
short  posterior  flaps. 

4.  Teale's  operation. 

5.  By  equal  antero- 
posterior flaps. 

6.  By  lateral  flaps. 
The  comparative  value 

of  these  dift'erent  methods, 
and  their  applicability  to 
different  portions  of  the 
thigh,  are  considered  on 
page  522. 

Instruments.  —  Large 
amputating-knives.  (For 
the  circular  operation  the 
blade  should  be  about  7 
or  8  inches  in  length,  and 
for  cutting  flaps  by  trans- 
fixion about  9  to  10 
inches.  These  measure- 
ments refer  to  the  amputation  as  applied  to  the  average 
adult  limb.  In  marking  out  skin-flaps,  and  in  dissect- 
ing up  the  integuments  in  the  circular  operation,  a  stout 
knife  with  a  broad  blade  4  inches  in  length  and  a  well- 
rounded  point  should  be  used.    No  attempt  should  be  made 


Fij;-  145. — A,  Circular  amputation  of  tliigli :  (a) 
Saw-line  of  same  ;  B,  Amputation  of  thigh  by 
equal  antero-posterior  flaps  :  (b)  Saw-line  of 
same  ;  c,  Disarticulation  at  the  hip  by  ex- 
ternal racket  incision. 
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to  complete  the  circular  amputation  with  one  long  knife.  In 
shaping  muscular  flaps  by  cutting — as  distinguished  from 
transfixion — the  stout  knife  with  a  four-inch  blade  should 
be  employed.  The  same  knife  may  be  conveniently  used  to 
clear  the  bone  for  the'  saw — e.g.,  after  transfixion  flaps  have 
been  cut.)  A  full-sized  amputation-saAv.  A  small  Butcher's 
saw,  to  shape  the  end  of  the  divided  femur.  A  dozen  pressure 
forceps.  Artery  and  dissecting  forceps.  Retractors,  scissors, 
needles,  etc. 

Position. — The  patient's  buttocks  rest  upon  the  end  of 
the  table.  The  sound  leg  is  secured  out  of  the  way.  Means 
should  be  taken  to  prevent  the  body  from  slipping  ofl' 
the  table.  The  surgeon  stands  to  the  right  of  the  limb 
in  the  case  of  either  extremity.  (He  will  always  be  able 
to  place  himself  to  the  outer  side  of  the  right  limb ;  but 
if  there  should  be  any  obstacle  in  the  way  of  his  standing 
to  the  inner  side  of  the  left  thigh,  it  will  be  found  that  he 
can  operate  from  the  outer  side  without  greatly  increased 
difiiculty.) 

One  assistant  sits  beyond  the  end  of  the  table,  to  hold 
and  manipulate  the  hmb.  A  second  assistant  stands  to  the 
surgeon's  left  (or  to  his  right  if  the  operator  be  placed  to  the 
outer  side  of  the  left  limb) ;  his  duties  are  to  setract  the  skin 
(in  the  circular  operation),  to  grasp  the  flaps  when  cut,  to  apply 
the  retractors,  and  to  hold  the  stump  up  while  the  arteries 
are  being  secured.  The  third  assistant  stands  below  the 
surgeon  and  attends  to  the  sponging  and  the  securing  of  the 
bleeding  points. 

1.  The  Circular  Amputation. — Owing  to  the  unequal 
manner  in  which  the  divided  muscles  retract,  the  simple 
circular  operation  is  not  adapted  for  the  thigh.  In  order  to 
allow  for  this  irregular  retraction,  the  incision  must  be  placed 
obliquely. 

This  operation  should  only  be  carried  out  in  the  lower 
third  of  the  limb.  Farabeuf  gives  the  following  directions 
for  the  incision : — 

On  the  anterior  and  outer  aspects  of  th«  limb  the  distance 
between  the  level  of  the  proposed  saw-cut  and  the  incision  on 
the  skin  should  be  equal  to  one-fourth  of  the  circumference 
of  the  thigh  at  the  former  point.    On  the  hinder  and  iimer 
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aspects  of  the  limb  the  skin-incision  should  Lo  made  a  little 
less  than  half  this  length  lower  down  (Fig.  145,  a). 

For  example :  if  the  circumference  of  the  thigh  at  the 
proposed  saw-level  be  IcS  inches,  the  skin-incision  in  front  and 
on  the  outer  side  should  be  4^  inches  below  that  level,  while 
on  the  posterior  and  inner  aspects  of  the  limb  it  should  be 
6^  inches  below  the  same  point. 

Operation. — The  proposed  incision  should  be  marked  upon 
the  skin. 

1.  Standing  to  the  outer  side  of  the  right  thigh,  the  surgeon 
passes  his  arm  beneath  the  limb,  and,  bringing  his  hand  as  far 
as  possible  over  the  front  of  the  thigh,  he  begins  the  incision 
m  the  skin  with  the  heel  of  the  knife,  at  a  spot  as  Ioav  down 
upon  the  external  surface  as  can  be  reached.  The  assistant 
at  the  same  time  has  the  limb  rotated  forcibly  inwards. 
The  knife  is  now  made  to  pass  across  the  anterior,  internal  and 
posterior  surfaces  of  the  limb  (in  order),  being  drawn  from 
the  heel  to  the  point.  The  assistant  rotates  the  thigh  in  an 
opposite  direction  as  the  knife  passes  round,  the  limb  being 
fully  rotated  outwards  when  the  incision  is  completed.  If  the 
skin-cut  be  not  made  at  one  sweep,  the  ends  of  the  wound 
should  be  joined  by  an  incision  from  above  do^vnwards. 

The  surgeon,  standing  on  the  inner  side  of  the  left  thigh, 
follows  a  precisely  opposite  course,  the  incision  being  com- 
menced upon  the  inner  aspect  of  the  limb. 

2.  The  assistant  now  retracts  the  skin  while  the  surgeon 
frees  it  all  round.  It  must  be  retracted  evenly,  so  as  to  pre- 
serve the  original  obliquity  of  the  incision.  It  is  seldom 
possible  to  turn  back  a  ciilf  of  skin  as  some  advise.  In  a 
normal  adult  limb  such  a  course  is  mechanically  impractic- 
able. 

3.  When  the  skin  has  been  separated  from  the  deeper 
parts  and  retracted  as  far  as  required,  the  superficial  muscles 
on  the  inner  and  posterior  aspects  of  the  thigh  (the  ham- 
strings, sartorius  and  gracilis)  are  divided  by  a  vigorous 
sweep  of  the  knife.  When  they  have .  retracted,  the  deeper 
muscles  are  severed  do^vn  to  the  bone  at  the  highest  possible 
level  by  another  sweeping  cut. 

In  dividing  the  muscles  the  obliquity  of  the  original 
incision  is  still  maintained— i.e.,  the  knife  crosses  the  Hmb 
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parallel  to  the  original  skin-cut,  and  as  close  as  possible  to  the 
now  retracted  margin  of  the  integument. 

4.  The  bone  is  cleared,  retractors  are  applied,  and  the 
femur  is  sawn  through.  "  In  sawing  the  femur  the  position 
of  the  thick  ridge  (linea  aspera)  at  its  posterior  aspect  is  to  be 
remembered,  and  the  saw,  at  first  horizontal,  must  be  brought 
nearly  vertical  so  soon  as  a  groove  is  cut,  in  order  that  the 
linea  aspera  may  be  divided  early,  and  not  left  to  break  and 
form  a  projecting  spike  "  (C.  Heath). 

It  is  well  to  saw  off  the  superior  and  inferior  margins  of 
the  end  of  the  bone  obliquely,  so  as  to  round  it.  This  may  be 
conveniently  performed  by  a  small  Butcher's  saw. 

The  cicatrix  will  be  transverse  or  oblique.  In  the  latter 
case  it  will  incline  from  in  front  backwards  and  inwards. 

Hcemorrhage. — The  position  of  the  femoral  artery  upon 
the  face  of  the  stump  will  depend  upon  the  level  at  which  the 
tissues  are  divided. 

If  the  amputation  be  through  the  lower  third  of  the  thigh, 
the  anastomotica  magna  Avill  be  divided.  If  above  this  level, 
the  profunda  will  be  found  to  be  cut.  The  descending  branch 
of  the  external  circumflex  artery  will  require  a  ligature  as  it 
lies  cut  on  the  antero-external  aspect  of  the  stump.  One  or 
more  of  the  perforating  arteries  and  many  muscular  branches 
may  need  to  be  secured. 

2.  Syme's  Modification  of  the  Circular  Amputation. — 
By  this  method  the  circular  operation  is  simplified.  The 
skin  is  much  more  easily  dissected  up,  and  the  integuments 
are  less  roughly  handled  in  the  process  of  separation. 

The  operation  consists  practically  of  the  usual  circular 
incision,  Avith  two  lateral  cuts  to  aid  the  retraction  of  the  skin. 

Two  very  short  antero-posterior  flaps  of  semilunar  outline 
and  of  equal  width  and  length  are  dissected  up.  They  are 
composed  simply  of  the  integument  and  subcutaneous  tissues, 
and  consist  of  little  more  than  curved  incisions  made  across 
the  front  and  the  back  of  the  thigh,  each  being  equal  to  one- 
half  of  the  circumference  of  the  limb. 

The  skin  beyond  the  little  flaps  is,  in  its  turn,  separated — 
just  as  in  the  usual  circular  method — and  is  reflected  until  a 
point  is  reached  some  two  inches  above  tho  bases  of  the  small 
antero-posterior  flaps. 
H  H  2 
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The  anterior  femoral  muscles  are  now  divided  down  to  the 
bone  by  a  transverse  sweep  of  the  knife  at  the  level  of  the 
retracted  skin.  The  posterior  muscles  are  severed  in  like 
manner,  but  at  the  level  at  which  they  were  first  uncovered 
in  forming  the  posterior  flap. 

"  The  muscles,"  as  Syme  puts  it,  "  should  be  divided  right 
down  to  the  bone,  on  a  level  as  high  as  they  are  exposed  in 
front,  as  low  as  they  are  exposed  behind." 

The  muscular  tissue  after  division  is  further  retracted,  so 
as  to  clear  the  bone  well.  The  femur  is  ultimately  sawn  about 
two  inches  above  the  level  of  the  spot  at  which  the  anterior 
muscles  were  divided. 

3.  Amputation  by  Long  Anterior  and  Short  Posterior 
Flaps. — The  following  is  the  description  of  this  operation  as 
given  by  Farabeuf  His  method  is  a  slight  modification  of 
that  associated  with  Spence's  name.  An  excellent  covering 
for  the  bone  is  provided. 

The  position  of  the  surgeon  and  his  assistants  and  the 
instruments  used  have  been  already  detailed. 

It  is  assumed  that  the  femur  is  to  be  divided  about  its 
centre.*  The  two  flaps  are  U-shaped.  The  anterior  flap  is 
equal  in  length  to  one  diameter  and  a  half  of  the  limb  at  the 
saw-Hne.  The  posterior  flap  has  the  length  of  one-half  the 
diameter  of  the  extremity  at  the  same  level.  The  anterior 
flap  is  the  wider,  its  base  exceeding  a  little  half  the  circum- 
ference of  the  limb  (Fig.  146,  a). 

Operation. — 1.  The  limb  is  rotated  outwards  on  the  right 
side,  and  inwards  on  the  left.  The  anterior  flap  is  marked  out 
first.  In  the  right  thigh  the  surgeon  commences  with  the  inner 
limb  of  the  flap,  cutting  downwards.  He  then  carries  the  knife 
across  the  front  of  the  extremity,  and  finishes  with  the  outer 
limb  of  the  flap,  the  leg  being  now  rotated  inwards.  In  dealing 
with  the  left  limb  the  conditions  are  reversed,  and  the  cut  is 
first  made  upon  the  external  aspect.  The  incision  includes  the 
integuments  only. 

In  marking  out  the  posterior  flap  the  surgeon's  hand  is 
beneath  the  thigh,  and  the  knife,  being  entered  at  the  further 
limb  of  the  anterior  flap,  is  drawn  across  the  posterior  surface 
and  towards  the  operator.  This  cut  also  involves  the  integu- 
ments only. 
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The  leg  is  again  suitably  rotated  as  the  knife  passes  along 
its  course. 

2.  The  tissues  of  the  anterior  flap  are  now  pinched  up  with 
the  left  hand,  and  the  muscles  contained  therein  are  divided 
obhquely  from  Avithout  inwards 
— i.e.,  from  the  skin  to  the  bone. 
The  soft  parts  are  so  cut  that  the 
flap  is  thinnest  at  its  extremity 
and  thickest  at  its  base.  At 
the  latter  site  it  will  include  the 
whole  thickness  of  the  muscular 
mass  in  front  of  the  femur.  The 
tissues  are  divided  obliquely 
(the  edge  of  the  knife  bein^ 
turned  towards  the  bone  at  the 
base  of  the  flap)  in  distinction 
to  the  transverse  division  of 
parts  which  obtains  in  the  cir- 
cular amputation. 

The  muscles  of  the  posterior 
flap  may  be  conveniently  cut 
by  transfixion.  They  may,  how- 
ever, be  divided  in  the  same 
way  as  are  those  of  the  anterior 
flap.  Transfixion  is  better 
suited  for  muscular  hmbs. 

The  muscles  arc  divided 
well  down  to  the  bone  at  the 
bases  of  the  flaps.  The  femur 
is  bared  by  further  retraction  of 
the  soft  parts,  and  is  sawn  in 
the  manner  already  described 
(page  515). 

Spence  ("  Lectures  on  Sur- 
gery," 2nd  ed.,  vol.  ii.,  page  621,  1876)  made  the  anterior  flap 
equal  in  length  to  the  diameter  of  the  limb,  and  the  breadth 
of  its  base  equal  to  "  abiiost  two-thirds  of  the  circumference 
of  the  thigh." 

The  posterior  flap  was  cut  from  without  inwards,  and  was 
commenced  some  two  inches  below  the  base  of  the  anterior 


rig.  146. — A,  Anii)utation  of  the  thigh 
by  long  anterior  and  short  posterior 
flaps  ;  B,  Disarticulation  at  the  hip 
by  antero-posterior  flajis. 


518 


OPEB.ATIVE  SURGERY. 


flap.  To  this  an  additional  inch  of  skin  was  somethnes  added. 
Spence  considered  this  operation  as  especially  applicable  to 
the  lower  third  of  the  thigh,  and  the  extremity  of  the 
large  anterior  flap  was  allowed  to  reach  as  low  as  the  lower 
margin  of  the  patella. 

Sedillot  ("Medecine  Operatoire,"  vol.  i.,  page  455,  1854) 
made  the  anterior  flap  equal  to  one  diameter  of  the  limb  at 
the  saw-line,  and  its  base  equivalent  to  "  fully  one-half  of  the 
circumference."  There  was  no  posterior  flap,  the  structures  at 
the  back  of  the  limb,  from  the  skin  to  the  bone,  being  divided 
by  one  vigorous  transverse  cut. 

S6dillot's  operation,  when  performed  upon  a  muscular 
limb,  scarcely  provides  a  suflicient  covering  for  the  bone. 

Hwrnorrltage. — The  position  of  the  femoral  artery,  with 
reference  to  antero-posterior  flaps  generally,  may  here  be 
alluded  to. 

In  an  amputation  by  antero-posterior  flaps  made  above  the 
middle  of  the  thigh,  the  femoral  artery,  together  with  the  pro- 
funda, will  be  found  in  the  anterior  flap.  In  a  like  amputation 
performed  below  the  middle  of  the  limb  the  main  artery  will 
be  divided  in  the  posterior  flap.  In  this  position,  however, 
there  is  risk  of  splitting  the  artery  if  the  anterior  flap  nmch 
exceed  in  width  one-half  of  the  circumference  of  the  limb. 
This  is  avoided  by  placing  this  flap  a  little  towards  the  ex- 
ternal aspect  of  the  limb  instead  of  fashioning  it  in  the  median 
segment.  When  the  amputation  is  carried  out  in  the  middle 
of  the  thigh,  the  anterior  flap  should  be  antero-external.  This 
will  bring  the  artery  in  the  posterior  flap. 

The  descending  branch  of  the  external  circumflex  artery 
will  always  be  found  divided  in  the  anterior  flap,  together  with 
many  muscular  branches.  In  the  lower  third  of  the  limb  the 
anastomotica  magna  will  be  divided  about  the  inner  part  of 
the  hinder  flap. 

In  the  angle  between  the  flaps,  and  in  the  muscular  tissue 
close  to  the  bone,  branches  of  the  perforating  arteries  will  be 
found  cut. 

It  is  needless  to  say  that  the  muscular  arteries  in  the  thigh 
are  large  and  numerous,  and  that  the  great  veins  require  to  be 
occluded  by  ligature. 

4.  Teale's  Operation. — This  procedure,  when  applied  to 
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the  thigh,  is  carried  out  upon  precisely  the  sauie  bases  as 
have  been  ah-eady  given  (page  469).  The  anterior  flap  is 
equal  in  Avidth  and  in  length  to  one-half  of  the  circumference 
of  the  limb  at  the  level  of  the  saw-line. 

The  posterior  flap  is  one-fourth  of  the  length  of  the 
anterior. 

Both  flaps  are  rectangular  and  are  composed  of  the  integu- 
ments only.  The  anterior  flap  can  be  carried  well  down  over 
the  patellar  region.  Care  must  be  taken  that  this  flap  does  not 
become  narrow  as  it  descends. 

5.  Amputation  by  Equal  Antero-Posterior  Flaps. — This 
may  be  taken  as  a  type  of  the  amputation  of  the  thigh  by 
transfixion.  The  surgeon  stands  to  the  right  side  of  the  limb 
in  the  case  of  both  the  right  and  the  left  thighs.  The  length 
of  the  amputating-knife  must  be  influenced  by  the  width  of 
the  hmb. 

In  order  that  the  flaps  should  be  of  equal  length  after  they 
are  cut,  it  is  necessary  that  the  posterior  flap  should  be  made 
a  little  the  longer.  This  is  to  allow  for  the  greater  retraction 
of  the  posterior  muscles. 

Both  flaps  are  U-shaped,  and  the  base  of  each  is  equal  to 
one-half  the  circumference  of  the  limb.  The  posterior  flap 
should  be  the  length  of  the  diameter  of  the  thigh  at  the  saw- 
line.  The  anterior  flap  will  be  equal  to  about  three-fourths  of 
that  diameter  (Fig.  145,  b).  Fergusson's  rule  was  that  the 
hinder  flap  should  be  one  inch  longer  than  the  anterior  one. 
These  measurements  will  be  found  to  about  coincide  with  the 
advice  given  in  older  books — to  the  effect  that  in  the  adult  the 
flaps  should  be  from  4  to  4-1-  inches  in  length. 

The  operation  is  performed  in  the  usual  way  (page  297). 

"  Grasping  the  soft  parts,"  writes  Fergusson,  "  so  as  to 
bring  them  well  forward,  I  push  the  knife  across  from  the 
outside  and  form  a  flap  in  front ;  this  being  slightly  elevated, 
I  again  carry  the  knife  in  the  direction  which  it  first  took, 
but  behind  the  bone,  and  form  the  second  flap  from  the 
posterior  surface." 

It  is  important  that  the  anterior  flap  should  be  of  its  proper 
width.  In  performing  transfixion  carelessly,  this  flap  is  apt  to 
be  made  a  great  deal  narrower  and  thinner  than  the  posterior 
one.    Before  the  knife  is  introduced  the  exact  limits  of  the 
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base  of  the  anterior  flap  should  be  marked  out.  The  substance 
of  the  future  flap  is  grasped  between  the  fingers  and  thumb  of 
the  left  hand.  The  thumb  and  forefinger,  indeed,  mark  the 
base  of  the  flap. 

After  the  flaps  have  been  dissected  up,  the  muscular  tissue 
about  the  bone  is  divided  with  a  stout  scalpel.  The  flaps,  with 
the  severed  tissues  occupying  the  angle  between  them,  are 
evenly  retracted  until  the  femur  is  exposed  at  the  spot  at 
which  the  saw  is  to  be  applied. 

In  very  muscular  limbs  the  knife,  in  transfixing  the  part, 
may  be  kept  a  little  away  from  the  bone,  so  that  only  the  more 
superficial  muscles  are  divided.  This  especially  applies  to  the 
cutting  of  the  posterior  flap.  When  this  has  been  done,  the 
deeper  muscles  are  severed  by  transverse  cuts,  as  in  the 
circular  operation. 

Directions  for  sawing  the  bone  have  been  already  given. 

Some  of  the  objections  which  apply  to  the  flap  method  are 
overcome  by  cutting  the  flaps  from  without  inwards,  precisely 
after  the  manner  described  in  the  account  of  the  amputation 
by  the  long  anterior  flap  (page  517). 

Hcemorrhage. — This  point  has  been  already  considered 
(page  518). 

When  planning  the  flaps  attention  must  be  paid  to  the 
position  of  the  main  blood-vessels. 

6.  Amputation  by  Lateral  Flaps. — This  method  is  often 
known  as  Vermale's  operation. 

It  appears  to  have  been  at  one  time  extensively  practised. 
It  has  been  considered  to  be  especially  applicable  to  the  loAver 
third  of  the  limb. 

The  flaps  are  both  of  the  same  size,  and  include  all  the 
soft  parts  down  to  the  bone.  It  may  be  convenient  to  make 
the  inner  flap  a  little  wider  than  the  outer,  so  as  to  include  as 
much  of  the  artery  as  possible  in  the  inner  flap. 

Each  flap  should  be  equal  in  length  to  the  diameter  of  the 
hmb  at  the  level  of  the  saw-cut,  and  should  be  U-shaped 
(Fig.  141,  B). 

Both  are  cut  by  transfixion,  the  knife  being  entered  a  little 
below  the  point  at  which  the  bone  is  to  be  divided. 

Operation. — The  following  is  Fergusson's  account  of  the 
operation : — 
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"  The  surgeon,  standing  on  the  outside  of  the  limb,  should 
grasp  the  soft  parts  on  the  outer  side  of  the  thigh  between  his 
lingers  and  thumb,  and  having  drawn  them  as  it  were  from  the 
side  of  the  bone,  should  pass  the  knife  from  before  backwards — 
or,  rather,  from  above  downwards — and  then  cut  doAvn wards  and 
outwards  so  as  to  form  a  flap  of  the  size  indicated  (Fig.  141,  b). 
Next  the  knife  should  a  second  time  be  introduced  in  front, 
and  carried  backwards  in  a  line  with  its  original  course,  but 
on  the  opposite  side  of  the  bone,  when  by  cutting  again  down- 
wards and  towards  the  surface,  the  inner  flap  is  formed.  Both 
of  them  should  then  be  drawn  upwards  with  considerable  force 
by  the  hands  of  an  assistant,  and  an  incision  made  round  the 
bone,  fully  an  inch  higher  than  the  place  of  transfixion.  The 
saw  should  then  be  applied  in  the  course  of  this  last  cut.  In 
transfixing,  the  point  of  the  knife  should  be  thrust  directly 
down  to  the  femur,  with  which  it  should  be  kept  in  close 
contact  as  it  is  carried  round  to  the  opposite  surface. 

"The  assistant  who  has  charge  of  the  flaps  should  not 
forcibly  elevate  the  one  first  made,  as  the  knife  is  thereby 
prevented  from  passing  readily  across  the  limb  the  second 
time.  He  can  scarcely,  however,  be  too  energetic — after  the 
other  is  cut — in  drawing  both  upwards,  so  as  to  give  plenty  of 
room  for  working  the  saw  without  rubbing  against  the  soft 
parts. 

"  I  am  generally  in  the  habit  of  making  the  inner  flap  first 
instead  of  the  outer,  as  I  can  thereby  see  the  progress  of  the 
knife  much  more  clearly  during  the  second  thrust." 

In  this  operation,  when  performed  in  the  lower  third,  the 
main  artery  is  very  apt  to  be  split,  even  when  every  pre- 
caution is  taken. 

Comment. — Owing  to  the  uneven  manner  in  which  the 
muscles  of  the  part  retract,  and  to  the  extent  of  that  retrac- 
tion, a  conical  stump  is  not  uncommon  after  any  amputation 
of  the  thigh. 

The  retraction  concerns  mainly  the  posterior  and  internal 
segments  of  the  hmb,  and  it  will  be  observed  that  the  cicatrix 
is  apt  to  be  drawn  backwards  and  to  the  inner  side.  This  may 
be  well  seen  after  a  simple  circular  amputation. 

Conical  stumps  are  more  conunon  below  than  above  the 
middle  of  the  limb. 
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In  amputations  made  through  the  lower  third  of  the  thigh 
it  should  bo  remembered  that  the  bone  comes  nearest  to  the 
anterior  surface. 

When  the  limb  is  divided  above  the  middle  of  the  thigh, 
the  femur  is  apt  to  project  anteriorly.  This  is  due  pal'tly  to 
the  contraction  of  the  psoas  and  ihacus  muscles,  and  partly  to 
the  weight  and  retraction  of  the  posterior  muscles. 

With  regard  to  the  selection  of  methods  : — 

The  objections  which  have  been  urged  against  the  circular 
operation,  and  the  advantages  which  it  may  claim  (page  301), 
aj)ply  very  especially  to  amputations  in  this  region. 

The  usual  circular  method  cannot  be  advised,  nor  is  any 
form  of  the  amputation  suited  for  the  middle  or  higher  part 
of  the  limb. 

The  modified  circular  operation  described  (No.  1)  and 
Symc's  operation  (No.  2)  are  adapted  for  the  lower  third  of 
the  limb,  especially  in  cases  where  a  long  anterior  flap  cannot 
be  cut,  for  children,  and  for  the  limbs  of  enfeebled  and  wasted 
subjects.  The  fact  that  the  wound-surface  is  comparatively 
small,  that  the  section  of  the  muscles  is  reduced  to  a  minimum, 
and  that  the  main  vessels  are  cleanly  divided,  are  distinctly  in 
favour  of  this  method. 

There  is  little  to  recommend  Teale's  operation  (No.  4)  in 
this  section  of  the  limb.  It  is  adapted  only  for  the  lower 
third.  It  certainly  ensures  a  good  covering  for  the  bone  and  a 
clean  division  of  the  main  artery.  It  may  be  of  value  when 
the  parts  upon  the  posterior  aspect  of  the  limb  are  damaged. 
It  has,  however,  these  disadvantages  :  the  anterior  flap  is  long 
and  thin,  and  apt  to  slough ;  in  any  case,  its  edges  at  least  are 
apt  to  become  gangrenous.  The  large  flap  is,  moreover,  diffi- 
cult to  adjust  and  to  keep  in  place. 

The  amputation  by  a  long  anterior  and  a  short  posterior 
flap  (No.  3)  is  perhaps  the  best  adapted  for  the  thigh  and  all 
parts  of  it. 

In  the  lower  third  of  the  limb  it  is  certainly  an  excellent 
operation.  Where  the  tissues  upon  the  front  of  the  thigh  are 
limited,  it  may  be  replaced  by  the  method  by  two  equal 
antero-posterior  flaps  (No.  5),  the  flaps  being  cut  in  the  same 
manner — i.e.,  from  without  inwards. 

Amputation  by  transfixion  has  already  been  discussed  (^page 
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302),  and  the  advantages  and  disadvantages  presented  by  the 
operation  are  conspicuonsly  evident  in  this  part  of  the  body. 

Vermale's  operation  (No.  6)  was  at  one  time  extensively 
practised.  It  has,  however,  very  little  to  recommend  it.  The 
stump  looks  well  when  the  operation  has  been  performed 
upon  the  cadaver,  but  in  the  living  subject  it  will  be  found 
that  the  end  of  the  femur  has  a  great  tendency  to  project 
forward  between  the  flaps.  The  bone,  indeed,  cannot  be  well 
covered.  It  is  difficult  to  cut  the  flaps  neatly  by  transfixion  ; 
they  are  apt  to  retract  unequally,  and  it  is  not  unusual  to 
find  that  the  great  vessels  have  been  split  or  divided  unduly 
high  up  in  fashioning  the  internal  flap. 

In  some  limited  injuries,  as,  for  example,  in  a  gunshot 
wound  involving  the  front  of  the  limb,  the  operation  may  be 
considered  of  service.  It  is,  however,  the  least  satisfactory  of 
the  methods  here  described. 

AFTER-TREATMENT  OF  AMPUTATIONS  OF  THE  THIGH. 

The  stump  should  be  exposed  to  the  air — covered,  of 
course,  by  suitable  dressings  (page  69).  The  thigh  should  be 
raised  and  supported  upon  a  firm  pillow  or  cushion,  to  which 
it  should  be  lightly  secured.  The  limb  should  be  placed  in 
the  abducted  position.  The  extremity  of  the  stump  should 
project  beyond  the  end  of  the  pillow.  It  will  be  thereby 
exempted  from  pressure,  and  drainage  will  not  be  interfered 
with.  A  supporting  sphnt  is  not  required  in  these  amputa- 
tions, although  it  may  sometimes  be  employed  with  ad- 
vantage after  the  circular  operation  and  in  amputations 
through  the  lower  part  of  the  limb. 

It  is  scarcely  to  be  expected  that  these  large  wounds  will 
heal  up  throughout  by  first  intention.  A  few  sutures  should 
be  omitted  at  the  most  dependent  angle  of  the  wound,  to  allow 
for  drainage — or,  better  still,  a  short  tube  may  be  inserted  at 
that  situation.  The  oozing  during  the  first  twenty-four  hours 
is  considerable. 

In  no  case  should  a  large  drainage-tube  be  drawn  right 
through  the  depths  of  the  wound,  from  one  extremity  of  the 
incision  to  the  other. 

As  the  flaps  are  large  and  heavy,  the  sutures  should  not 
be  removed  too  soon.  After  their  removal  the  flaps  may 
need  to  be  supported  for  a  while  by  strapping. 


524 


CHAPTER  XXXII. 

Disarticulation  at  the  Hip- Joint. 

This  amputation,  the  most  serious  the  surgeon  can  be 
called  upon  to  j)crform,  was  for  many  years  after  its  intro- 
duction attended  by  so  terrible  a  mortality  as  to  be  con- 
sidered an  entirely  unjustifiable  operation. 

The  first  amputation  at  the  hip  appears  to  have  been 
performed  by  Mr.  Henry  Thompson,  surgeon  to  the  London 
Hospital,  some  time  before  1777.  Previous  to  this — viz.,  in 
1743 — Ravaton  had  elaborated  an  operation,  which,  however, 
his  surgical  colleagues  would  not  allow  him  to  perform.  His 
method  consisted  in  a  vertical  external  incision,  through 
which  the  bone  was  to  be  enucleated  subiDeriosteally,  and 
disarticulation  effected  ;  the  operation  was  to  be  completed  by 
a  circular  section  of  the  soft  parts.  This  procedure  is  prac- 
tically identical  with  the  modern  operations  of  Esmarcli, 
Lister,  Furneaux  Jordan,  and  others  (page  531). 

Kerr,  of  Northampton,  amputated  at  the  hip  in  1778, 
using  an  oval  incision,  the  qiieue  of  which  termmated  ex- 
ternally. Through  the  outer  part  of  the  wound  disarticula- 
tion was  effected,  the  soft  parts  upon  the  inner  side  of  the 
limb  being  divided  subsequently. 

The  first  amputation  at  the  hip  in  military  practice  is 
accredited  to  Baron  Larrey  in  1793.  In  all  these  early  cases 
the  patient  died. 

Earle,  writing  in  1808  ("Potts'  Chirurgical  Works,"  vol.  iii., 
page  217),  speaks  of  the  operation  as  "horrid,"  "dreadful,"  «ind 
"  unjustifiable,"  and  adds  :  "  I  have  seen  it  done,  and  am  now 
very  sure  I  shall  never  do  it  unless  it  be  on  a  dead  body." 

The  mortality  after  this  operation  has  been  already  con- 
sidered (page  316). 

In  designing  the  operation  in  any  particular  case,  allow- 
fince  must  be  uiadc  for  the  great  retractility  of  the  skin  in 
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this  part  of  tlie  limb,  and  for  the  contraction  of  the  divided 
muscles. 

The  artificial  limb  worn  after  the  operation  must,  of 
course,  take  its  support  from  the  pelvis,  and  principally  from 
the  ischium.  It  is  well,  therefore,  that  there  should  be  a 
internal  flap,  and  that  the  cicatrix  should  be  removed 
from  the  tuber  ischii.  At  the  same  time,  the  operation 
wound  must  be  so  arranged  as  to  allow  for  efficient  drainage. 

In  this  amputation  no  little  value  must  attach  to  methods 
of  operation  which  can  be  effected  with  rapidity. 

Anatomical  Points. — The  following  landmarks  may  be 
noted : — The  pubic  spine  is  on  a  level  with  the  great 
trochanter.  The  summit  of  the  qreat  trochanter  is  on  a 
level  with  the  centre  of  the  hip-joint.  The  gluteal  fold  is 
some  way  above  the  lower  margin  of  the  gluteus  maximus 
muscle,  with  which  it  does  not  correspond. 

The  subcutaneous  tissue  about  the  hip  is  lax. 
The  following  are  the  muscles  attached  to  the  upper  third 
of  the  femur : — The  three  glutei,  the  two  obturator  muscles, 
the  two  gemelli,  the  pyriformis,  the  psoas  and  iliacus,  the 
pectineus,  the  adductor  brevis  and  adductor  magnus,  the 
quadratus  femoris,  and  portions  of  the  vasti  and  crureus. 

The  remaining  muscles  divided  in  the  operation  are  the 
tensor  vaginae  femoris,  the  rectus,  the  sartorius,  the  gracilis, 
the  adductor  longus,  and  the  three  hamstring  muscles. 

Several  bursie  exist  about  the  hip,  the  largest  and  most 
noteworthy  being  one  between  the  great  trochanter  and  the 
gluteus  maximus,  and  another  between  that  muscle  and  the 
vastus  extemus. 

The  hip  capsule  is  thickest  in  front,  at  the  site  of  the  ilio- 
femoral ligament.  It  may  here  measure  one-fourth  of  an 
inch  in  section. 

The  femoral  artery  is  separated  from  the  capsule  of  the 
hip  by  the  psoas  muscle,  upon  which  it  lies.  The  profunda 
arises  one  inch  and  a  half  below  Poupart's  ligament ;  the 
internal  and  external  circumflex  arteries  two  inches  below 
that  Hgament.  At  the  apex  of  Scarpa's  triangle — some  three 
to  four  inches  below  Poupart's  line — the  great  vessels  have  the 
following  relation  to  one  another  from  before  backwards : 
femoral  artery,  femoral  vein,  profunda  artery,  profunda  vein. 
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The  profunda  is  about  the  size  of  the  brachial  artery, 
the  external  circumflex  of  the  ulnar,  the  internal  circumflex 
of  the  lingual. 

The  last-named  vessel  runs  horizontally  backwards  through 
the  substance  of  the  limb,  about  the  level  of  the  lesser 
trochanter.    It  gives  a  branch  to  the  hip-joint. 

The  external  circumflex  artery  passes  more  or  less  directly 
outwards. 

The  flrst  perforating  artery  runs  backward  at  the  lower 
border  of  the  pectineus  muscle. 

The  sciatic  artery  gives  off  numerous  branches,  most  of 
Avhich  are  cut  in  the  amputation.  The  comes  nervi  ischiadici 
— the  terminal  part  of  the  vessel — is  the  size  of  the  supra- 
orbital artery. 

No  large  branch  of  the  gluteal  artery  is  divided,  although 
the  inferior  branch  of  the  deep  division  will  be  cut  near  its 
extremity. 

The  obturator  artery  itself  is  not  concerned  in  the  ojjera- 
tion,  and  the  branches  of  it  which  are  divided  are  very  small 
e.g.,  the  branches  to  the  adductors  and  to  the  hip. 

In  the  hollow  on  the  inner  side  of  the  great  trochanter 
is  an  anastomotic  network  which  is  derived  from  the 
gluteal,  sciatic,  internal  circumflex,  and  first  perforating 
arteries. 

Mode  of  Controlling  Haemorrhage  during  the  Opera- 
tion. 

.  Various  methods  have  been  adopted  for  preventing  ex- 
cessive haemorrhage  during  this  disarticulation. 

1.  The  femoral  artery  may  be  ligatured  either  before  the 
flaps  are  cut  (page  534)  or  during  the  fashioning  of  the  flaps 
when  the  incision  crosses  the  line  of  the  artery,  as  in  the 
method  known  as  the  "  anterior  racket "  (page  537). 

The  procedure  involves  a  little  time,  and,  when  a  special 
incision  has  to  be  made,  somewhat  complicates  the  operation. 
The  method,  however,  has  many  advantages.  It  has  been 
urged  that  the  artery  is  apt  to  be  secured  unnecessarily  high 
up,  and  that  the  vitality  of  the  main  flap  may  be  in  con- 
sequence impaired;  but  this  objection  has  not  been  confirmed 
by  practice. 

The  femoral  may  be  compressed  in   the  flap  by  the 
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fingers  of  an  assistant,  who  grasps  the  base  of  the  flap  just 
before  the  vessels  are  divided.  This  method  is  illustrated  in 
the  amputation  by  transfixion  (page  540). 

Some  surgeons  advise  digital  compression  of  the  femoral 
or  external  iliac.  This  can,  however,  hardly  be  carried  out 
except  in  a  child.  The  fingers  are  very  apt  to  slip  durmg 
the  manipulation  of  the  limb. 

In  all  these  methods  it  is  needless  to  say  that  the 
securing  of  the  femoral  does  not  affect  haemorrhage  from  the 
branches  of  the  internal  iliac  artery. 

2.  Lister's  aortic  tourniquet  has  been  employed.  '  The  use 
of  this  instrument  is  now  no  longer  advised  by  its  author. 
It  cannot  be  used  in  stout  or  very  muscular  subjects.  It  is 
very  difiicult  to  mamtain  in  position,  and  is  apt,  if  firmly 
applied,  to  do  damage  to  the  intestine. 

3.  Davj'^'s  lever  for  compressing  the  common  iliac  through 
the  rectum  has  been  extensively  used  in  this  operation.  It 
consists  of  a  smooth  rod  or  cylinder  of  ebony-wood  or  metal, 
from  eighteen  to  twenty  inches  in  length,  and  terminating  in 
a  conical  blunt  extremity.  Oil  having  been  injected  into  the 
bowel,  the  conical  or  larger  end  of  the  lever  is  introduced  into 
the  rectum,  and  is  passed  in  the  direction  of  the  vessel  to  be 
compressed.  The  surgeon,  feeling  the  end  of  the  instrument 
through  the  abdominal  parietes,  directs  it  to  the  common  iliac 
as  it  lies  on  the  pelvic  brim.  The  handle  of  the  instrument 
is  now  carried  to  the  thigh  of  the  opposite  side,  and  is  then 
raised  so  that  it  may  act  as  a  lever,  for  which  the  anus  serves 
as  a  fulcrum. 

Mr.  Davy  (British  Medical  Journal,  vol.  ii.,  1879,  page  685) 
claims  that  this  instrument  is  most  efficient — as  proved  by  a 
number  of  cases — that  it  is  simple  and  readily  applied,  and  is 
easily  maintained  in  position.  The  following  objections  may, 
however,  be  urged  against  this  ingenious  compressor : — The 
assistant  who  manipulates  it  is  a  little  in  the  way  of  the 
surgeon  and  of  those  Avho  are  taking  part  in  the  operation. 
The  lever  could  scarcely  be  applied  in  cases  where  no  meso- 
rectum  existed.  It  is  of  course  useless  if  the  coats  of  the 
rectum  are  unsound.  Sir  Joseph  Lister  mentions  "  a  case  in 
which  a  gentleman  specially  conversant  with  the  use  of  the 
lever  failed  to  bring  it  into  effective  action,  and  another  case 
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.  .  .  where  death  resulted  from  mischief  done  by  the  end 
of  the  rod  working  in  the  dark." 

4.  The   ehxstic   tourniquet  furnishes  without  doubt  an 
efficient  means  of  controUing  bleeding-  during  this  operation. 

The  band  may  be  applied  either  over  the  abdominal  aorta 
or  around  the  extreme  upper  part  of  the  limb.  Its  application 
in  the  former  situation  is  thus  described  by  Sir  Joseph  Lister 
("  Holmes'  System  of  Surgery,"  vol.  iii.,  page  722) : — "  For 
the  aorta  a  pad  of  sufficient  size,  such  as  a  pin-cushion,  ad- 
justed over  the  vessel  about  the  level  of  the  iliac  crest,  is 
pressed  doAvn  by  elastic  bands,  which,  however,  ought  not  to 
encircle  the  body  directly  and  so  cause  inconvenient  constric- 
tion of  the  waist,  but  should  be  connected  with  the  ends  of  a 
rigid  object  placed  transversely  beneath  the  back  and  extend- 
ing laterally  sufficiently  far  to  protect  the  sides  of  the  body 
from  compression.  A  narrow  piece  of  board,  with  two  lateral 
notches  at  each  end,  would  answer  the  purpose  quite  well  for 
an  emergency  as  a  substitute  for  the  curved  piece  of  stout  iron, 
with  rings  and  hooks  at  the  ends,  recommended  by  Esmarch." 

The  application  of  the  elastic  band  to  the  upper  part  of 
the  thigh  is  thus  described  by  Mr.  Jordon  Lloyd  (Lancet, 
vol.  i.,  1883,  page  897)  :— 

"  The  limb  about  to  be  operated  upon  should  first  be 
emptied  of  blood  by  elevation.  This  will  occupy  only  a  few 
minutes,  and  may  be  executed  during  the  administration  of 
the  anesthetic.  A  strip  of  black  india-rubber  bandage  about 
two  yards  long  is  to  be  doubled  and  passed  between  the 
thighs,  its  centre  lying  between  the  tuber  ischii  of  the  side  to 
be  operated  on  and  the  anus.  A  common  calico  thigh-roller 
must  next  be  laid  lengthways  over  the  external  iliac  artery. 
The  ends  of  the  rubber  are  now  to  be  firmly  and  steadily 
drawn  in  a  direction  upwards  and  outwards,  one  in  front  and 
one  behind,  to  a  point  above  the  centre  of  the  iliac  crest 
of  the  same  side.  They  nmst  not  be  pulled  tight  enough  to 
check  pulsation  in  the  femoral  artery.  The  front  part  of  the 
band,  passing  across  the  compress,  occludes  the  external  iliac, 
and  runs  parallel  to  and  above  Poupart's  ligament.  The 
back  half  of  the  band  runs  across  the  great  sacro-sciatic  notch, 
and,  by  compressing  the  vessels  passing  through  it,  prevents 
bleedino-  from  the  branches  of  the  internal  ihac  artery. 
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"  The  ends  of  the  bandage  thus  tightened  must  be  held  by 
the  hand  of  an  assistant,  placed  just  above  the  centre  of  the 
iliac  crest,  the  back  of  the  hand  being  against  the  surface  of 
the  patient's  body.  In  this  way  an  elastic  tourniquet  is 
made  to  encircle  one  of  the  innominate  bones,  checking  the 
whole  blood-supply  to  the  lower  extremity.  When  the  band 
is  once  properly  adjusted,  the  assistant  has  only  to  take  care 
that  it  does  not  shp  away  from  the  compress  or  over  the 
tuber  ischii.  The  former  is  prevented  by  securing  pad  and 
tourniquet  together  with  a  stoiit  safety-pin,  and  the  latter  by 
keeping  the  securing  hand  well  above  the  iliac  crest ;  and  even 
more  safely  by  looping  a  tape  beneath  the  elastic  near  the 
tuber  ischii,  passing  it  behind  under  the  sacrum,  and  having  it 
held  in  that  position.  The  solid  rubber  tourniquet  may  be 
used  instead  of  this  bandage.  I  prefer,  however,  the  bandage. 
The  soft  parts  are  less  damaged  by  reason  of  its  greater 
breadth,  and  it  is  less  hkely  to  roll  off  the  compress  placed 
over  the  external  ihac. 

"  The  hgature,  being  altogether  above  the  limb,  is  out  of 
the  way  of  the  surgeon  in  any  operation  at  or  about  the  hip- 
joint.  The  great  trochanter  is  fully  exposed,  the  hip  being 
free  upwards  as  far  as  the  ihac  crest,  and  inwards  to  the 
perineum.  The  plan  is  applicable  to  amputation  by  transfixion 
or  to  excision  of  the  joint." 

5.  The  use  of  long  needles  or  skewers  has  been  advised  or 
adopted  by  a  few  operators.  Trendelenburg  transfixes  the  thigh 
by  a  single  needle  passed  in  front  of  the  neck  of  the  femur 
and  beneath  the  vessels.  Over  the  ends  of  the  needle  and  in 
front  of  the  thigh  a  compressing  rubber  cord  is  carried.  Mr. 
Myles  {Brit.  Med.  Journ.,  Nov.  9,  1889)  advises  the  following 
method  : — A  stout  steel  skewer  is  thrust  straight  through  the 
thigh  from  before  backwards.  Its  point  enters  an  inch  below 
Poupart's  ligament,  and  just  to  the  outer  side  of  the  femoral 
artery  it  passes  to  the  inner  side  of  the  neck  of  the  femur,  and 
emerges  a  little  above  the  gluteal  fold.  An  india-rubber  cord 
is  now  passed  in  the  form  of  a  figure  of  8  around  the  project- 
ing ends  of  the  skewer.  The  amputation  is  effected  by  means 
of  lateral  flaps. 

Dr.  Wycth  {Intermit.  Journ.  of  Surg.,  July,  1890)  uses  two 
needles  for  the  purpose  of  fixing  an  Esmarch's  band  in  position. 
I  I 
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Two  steel  mattress-needles,  three-sixteenths  of  an  inch  in 
diameter  and  a  foot  long,  are  used.  The  point  of  one  is 
inserted  an  inch  and  a  half  below,  and  just  to  the  inner  side 
of,  the  anterior  superior  iliac  spine,  and  is  made  to  traverse 
the  muscles,  passing  about  half-way  between  the  great  tro- 
chanter and  the  iliac  spine,  external  to  the  neck  of  the  femur, 
and  coming-  out  just  behind  the  trochanter. 

The  point  of  the  second  needle  is  entered  an  inch  below 
the  level  of  the  groin  internal  to  the  saphenous  opening,  and, 
passing  through  the  adductors,  comes  out  about  an  inch  and 
a  half  in  front  of  the  tuber  ischii.  No  vessels  are  endangered 
by  these  needles.  The  points  are  protected  by  corks,  to  pre- 
vent injury  to  the  operator's  hands. 

A  piece  of  strong  white  rubber  tube  half  an  inch  in 
diameter,  and  long  enough  when  tightened  in  position  to  go 
five  or  six  times  around  the  thigh,  is  now  wound  very  tightly 
around  and  above  the  fixation  needles,  and  tied. 

The  amputation  is  then  carried  out  by  means  of  the  cir- 
cular method.  This  method  must  of  course  be  credited 
with  the  objections  which  have  been  urged  against  the  elastic 
tourniquet..  If  the  after-oozing  be  taken  into  account,  opera- 
tions conducted  as  above  ■  described  cannot  be  regarded  as 
"  bloodless." 

Precautions  against  Shock. — Every  provision  must  be 
taken  against  shock.  The  limbs  should  be  well  wrapped  up, 
the  body  enveloped  in  a  blanket,  and  the  head  kept  low.  A 
stimulant  may  be  given  before  the  operation,  and  means 
should  be  at  hand  to  administer  brandy  by  enema  or  subcu- 
taneous injection  if  required. 

Methods  of  Operating. — The  different  methods  advised 
by  different  surgeons  for  amputating  at  the  hip-joint  are 
exceedingly  numerous.  Farabeuf  gives  figures  of  no  less  than 
twenty-five  different  procedures,  and,  if  each  operation  were  to 
be  named  after  the  surgeon  designing  it,  it  would  be  necessary 
to  describe  some  forty  methods  of  disarticulation  at  the 
hip. 

Many  of  these  operations  have  long  since  bqen  abandoned, 
and  many  differ  from  one  another  but  in  very  trifling 
particulars. 

In  the  accouQb  which  follows  it  is  only  possible  to  deal 
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with  certain  typical  methods  without  attempting  to  pursue 
the  individual  modifications  of  particular  surgeons. 

The  following  modes  of  performing  this  amputation  will 
be  described —  . 

1.  Disarticulation  through  an  external  racket  in- 

cision. 

2.  Disarticulation  through  an  anterior  racket  incision. 

3.  Disarticulation  by  antero-posterior  flaps  (trans- 

fixion). 

4.  Guthrie's  operation. 

1.  Disarticulation  through  an  External  Racket  Inci- 
sion.— Under  this  title  may  be  grouped  the  modified  oval 
method  with  the  summit  of  the  incision  on  the  outer  side,  the 
"  raquette  a  queue  trochanterienne,"  and  the  amputation  by 
combined  circular  and  vertical  incisions  (the  vertical  cut 
being  external).  These  are  the  operations  associated  with 
the  names  of  Kavaton,  Kerr,  Foullioy,  Malgaigne,  Cornuau, 
Scoutteten,  Furneaux  Jordan,  Lister,  Esmarch,  and  others. 

Instruments. — The  elastic  tourniquet  already  described; 
a  stout  amputating-knife  with  a  blade  some  six  inches  in 
length,  and  with  not  too  fine  a  point ;  a  large  stout  scalpel 
or  resection  knife ;  an  amputating-saw  ;  lion  forceps  if  the 
bone  is  to  be  divided  {see  Esmarch's  operation,  page  535) ; 
artery  forceps ;  pressure  forceps ;  dissecting  forceps  ;  scissors, 
long  needles,  etc.  If  the  operation  is  to  be  subperiosteal, 
a  periosteal  elevator  or  rugine  is  required. 

Position. — The  body  is  draAvn  down  until  the  pelvis  rests 
upon  the  extreme  lower  edge  of  the  table.  The  sound  hmb 
is  secured  out  of  the  way.  The  patient  is  turned  sufficiently 
over  on  the  sound  side  to  expose  the  postero-external  aspect 
of  the  limb  to  be  removed.  Some  care  has  to  be  taken 
to  prevent  the  patient  from  slipping  entirely  off  the  table. 
The  surgeon  stands  on  the  outer  side  of  the  thigh — in  the 
case  of  both  the  right  and  the  left  extremities — and  faces  the 
patient. 

In  the  case  of  the  left  limb  it  may  be  sometimes  more 
convenient  to  stand  on  the  inner  side  of  the  thigh,  between 
the  limbs. 

The  assistant  standing  above  the  surgeon  attends  to  the 
tourniquet  and  supports  the  flap  during  the  ligaturing  of  the 
I  I  2 
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vessels  after  the  tourniquet  has  been  removed.  Another 
assistant  manipulates  the  limb,  while  a  third,  standing  oppo- 
site to  the  surgeon,  attends  to  the  sponging  and  assists  in  the 
disarticulation,  in  the  fashioning  of  the  flaps,  and  in  securing 
the  vessels. 

The  Operation. — 1.  The  limb  being  adducted  and  a 
little  flexed  and  rotated  in,  the  knife  is  entered  about  two 
inches  above  the  upper  edge  of  the  great  trochanter,  and  is 
carried  vertically  down  the  limb  along  the  posterior  border 
of  the  trochanter  for  about  seven  inches.  The  knife  is  now 
drawn  across  the  limb  in  front  and  behind  in  the  form  of  two 
crcscentic  incisions,  which  meet  on  the  inner  side  of  the 
thigh  some  little  way  below  the  termination  of  the  vertical 
incision,  and  some  inches  below  the  genito-crural  angle.  The 
whole  of  this  extensive  cut  should  at  first  involve  only  the 
skin  and  the  subcutaneous  tissues.  At  the  outer  aspect  of  the 
limb  the  incision  forms  a  large  inverted  Y  (Fig.  145,  c).  While 
the  oblique  incision  is  being  made,  the  assistant  may  rotate 
the  thigh  a  little  so  as  to  make  the  tissues  meet  the  surgeon's 
knife. 

2.  The  surgeon  now  turns  to  the  oblique  incision  en- 
circling the  thigh,  and  separates  the  skin  and  subcutaneous 
tissues  all  round  until  these  parts  have  been  raised  to  the 
extent  of  about  two  inches. 

This  is  effected  precisely  as  in  the  ordinary  circular  opera- 
tion, the  limb  being  rotated  as  required. 

3.  The  thigh  being  now  again  adducted,  rotated  in  and  a 
little  flexed,  the  knife  is  carried  well  down  to  the  femur  along 
the  whole  length  of  the  vertical  incision. 

The  muscles  attached  to  the  great  trochanter  must  next 
be  divided  close  to  the  bone.  The  anterior,  superior,  and 
posterior  borders  of  the  trochanter  should  be  cleared  in  order. 
The  first  muscle  to  be  divided  is  the  gluteus  medius,  attached 
to  the  outer  surface  of  the  process.  The  obturator  externus 
tendon  is  apt  to  escape  division  as  it  dips  into  the  digital 
fossa.  In  clearing  the  process  the  hmb  must  be  kept  ex- 
tremely adducted  and  well  rotated  in.  A  short  stout  knife — 
such  as  is  used  in  Syme's  amputation  or  in  resection  opera- 
tions— is  very  convenient  at  this  stage.  The  knife  must  be 
carried  vigorously  down  to  the  bone. 
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The  upper  part  of  the  shaft  of  the  femur  is  now  cleared 
as  far  as  the  vertical  incision  extends.  The  soft  parts  must 
be  liberally  cut,  care  being  taken  that  the  femoral  and  pro- 
funda arteries  are  not  encroached  upon. 

In  this  step  the  insertions  of  the  gluteus  maximus, 
quadratus  femoris,  psoas,  ihacus,  pectineus  and  upper  adductor 
fibres  are  divided,  together  with  the  superior  portions  of  the 
triceps  femoris.  The  surgeon  is  aided  by  an  assistant,  who 
draws  the  divided  soft  parts  away  so  as  to  well  expose  the  bone. 

4.  The  bone  has  now  to  be  disarticulated.  The  capsule 
may  be  divided  transversely  at  its  upper  and  posterior  parts 
while  the  limb  is  in  the  position  of  extreme  adduction.  The 
anterior  part  of  the  capsule  can  be  severed  while  the  thigh  is 
a  little  flexed. 

The  limb  is  now  rotated  outwards  to  its  utmost,  the  joint 
opened,  and  the  round  ligament  cut. 

Everything  about  the  upper  end  of  the  femur  should  now 
be  free  and  ready  for  the  final  sweep  of  the  knife. 

Up  to  this  point  no  vessels  of  any  magnitude  have  been 
divided,  the  chief  arteries  concerned  being  the  internal  cir- 
cumflex, some  branches  of  the  external  circumflex  and  of 
the  sciatic,  and  a  few  muscular  vessels. 

5.  Nothing  now  remains  but  to  cut  the  muscles  upon  the 
inner  side  of  the  limb  by  a  vigorous  circular  sweep  of  the 
knife  at  the  level  of  the  already  retracted  skin.  A  few 
touches  of  the  blade,  and  the  limb  is  removed. 

The  great  vessels  are  at  once  secured. 

If  the  operation  is  to  be  "subperiosteal,"  the  femur  is 
stripped  of  periosteum  by  means  of  the  elevator,  the  muscles 
being,  so  far  as  is  possible,  detached  with  it.  This  separation 
cannot  be  followed  further  than  the  base  of  the  femoral  neck, 
and  involves  a  considerable  expenditure  of  time.  Along  the 
linea  aspera  the  detachment  of  the  periosteum  is  exceedingly 
difiicult.  The  value  of  this  modification  of  the  more  ready 
Hiethod  is  discussed  later. 

Hmmorrhage. — In  securing  the  bleeding  points  the  assist- 
ant holds  up  the  anterior  part  of  the  flap,  so  as  to  well 
expose  the  whole  wound-surface.  Care  must  be  taken  that 
the  tourniquet  does  not  slip  when  the  limb  is  removed. 

The  great  vessels  are  found  severed  on  the  anterior  face 
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of  the  wound,  close  to  the  divided  rectus,  sartorius,  and 
adductor  longus  muscles. 

The  vessels  are  placed  one  behind  the  other  in  the  fol- 
lowuig  order,  from  before  backwards : — The  femoral  artery,  the 
femoral  vein,  the  profunda  vein,  the  profunda  artery. 

The  first  vessel  to  be  sought  for  after  the  main  trunks  are 
ligatured  is  the  internal  circumflex.  It  will  be  found  divided 
in  the  tissues  about  the  inner  and  posterior  side  of  the 
acetabulum.  The  branches  of  this  artery  often  give  much 
trouble.  The  descending  branch  of  the  external  circumflex  is 
found  cut  close  to  the  inner  edge  of  the  vastus  externus. 
The  transverse  branch  of  that  artery  will  also  probably 
require  a  ligature. 

In  the  posterior  segment  of  the  wound  the  comes  nervi 
ischiadici  is  early  recognised,  and  will  require  ligature. 

Bleeding  will  occur  from  other  branches  of  the  sciatic 
artery,  and  from  many  muscular  branches  distributed  about 
the  surface  of  the  wound. 

Varieties  of  the  Operation. — The  first  operation  designed 
for  the  removal  of  the  lower  limb  at  the  hip-joint  was  in  all 
essential  points  identical  with  that  just  described.  The 
surgeon  was  Ravaton,  the  date  1743. 

The  amputation  also  performed  by  Kerr,  of  Northampton, 
in  1778,  was  practically  upon  the  same  lines. 

Kerr's  external  incision  was  in  the  form  of  an  inverted 
V,  and  not  of  an  inverted  Y,  as  in  the  procedure  just  detailed. 

FouUioy  employed  the  external  racket  incision  in  1841, 
having  first  ligatured  the  common  femoral  at  the  fold  of 
the  groin. 

Malgaigne's  operation  (en  raquette)  was  like  the  present 
procedure,  except  that  the  vertical  incision  was  shorter,  and 
the  circular  incision,  therefore,  more  oblique. 

The  oval  operations  of  Cornuau,  Scoutteten,  Gtinther,  and 
others  may  be  placed  in  the  present  category,  and  attention 
may  be  drawn  to  the  close  resemblance  of  this  procedure 
to  the  amputation  devised  by  Guthrie  (page  541). 

The  following  methods  require  more  extended  notice : — 

(a)  Listers. — The  above  description  of  disarticulation  at 
the  hip  is  founded  upon  the  sketch  of  an  operation  given  by  Sir 
Joseph  Lister  ("  Holmes'  System  of  Surgery,"  vol.  iii.,  page  721). 


AMPUTATION  AT  THE  HIP-JOINT. 


636 


Lister  made  the  external  incision  eight  inches  in  length  (for 
an  adult),  and  divided  the  soft  parts  around  the  inner  side 
of  the  limb  before  the  femur  was  cleared.  The  disarticulation 
of  the  bone  was  the  last  step  of  the  operation.  He  furnished 
no  directions  for  the  precise  performance  of  the  operation, 
and  founded  its  principles  upon  the  procedure  of  Furneaux 
Jordan. 

(b)  Furneaux  Jordan  s. — Mr.  Jordan  ("Surgical  Enquiries," 
second  ed.,  page  303)  gives  the  following  description  of  his 
operation  : — "  A  straight  incision  was  made,  and  the  trochan- 
ters and  upper  part  of  the  shaft  were  freed 
from  their  muscular  attachments,  after  which 
the  capsule  was  opened.  Next,  the  shaft 
was  cleared  downwards  from  all  its  attach- 
ments for  a  considerable  distance,  and  then 
a  few  free  sawing  movements,  with  a  long- 
bladed  knife,  through  the  thigh,  fr'om  which 
the  bone  had  been  removed,  ended  the  oper- 
ation. The  integuments  were  simply  drawn 
upwards,  and  the  soft  parts  were  cut  straight 
through.  No  bone  being  left,  the  muscles 
quickly  retracted,  and  were  easily  covered  by 
the  skin.  Very  Httle  blood  was  lost.  .  .  . 
The  principle  of  the  operation  may  be  thus 
described : — First  enucleate  the  bone,  then 
cut  through  the  hmb  at  any  desired  spot — 
the  middle  of  the  thigh,  or  below,  or  even 
near  the  knee." 

It  is  evident  from  this  description,  and 
from  the  diagram  of  the  operation  given  by 
Mr.  Jordan  {see  Fig.  147),  that  his  disarticu- 
lation differs  very  considerably  from  the  pro- 
cedures associated  with  his  name  by  more  than  on-e  writer. 

(c)  Esmarch's. — This  method  is  identical  with  that  de- 
scribed by  Veitch,  Lacauchie,  Vollcmann,  and  others. 

Mr.  Barker  ("  Manual  of  Surgical  Operations,"  1887)  gives 
the  following  account  of  Esmarch's  operation,  in  favour  of 
which  he  speaks  : — 

"  By  a  single,  strong,  muscular  sweep  of  the  knife  five  inches 
below  the  tip  of  the  trochanter,  all  the  soft  parts  of  the  thigh 


Fig.  147.— ruENEAUx 
joedan's  amputa- 
tion AT  THE  HIP- 
JOINT  ("  Surgical 
Enquiries,"  Plate 
X., page 288).  The 
shaded  part  repre- 
sents the  area  tra- 
versed by  the 
knife  ;  the  dotted 
lines  the  incision. 
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are  divided  comiDletely  to  the  bone,  and  the  latter  is  at  once 
sawn  across. 

"  The  vessels  are  then  ligatured. 

"The  bone  is  now  seized  in  a  lion  forceps  and  steadied, 
while  a  second  incision  is  made,  commencing  two  inches 
above  the  tip  of  the  trochanter,  and  carried  down  along  the 
latter,  to  terminate  in  the  first  circular  cut.  The  two  borders 
of  this  incision  being  held  apart  by  an  assistant,  the  bone  is 
cleared  of  the  soft  parts  by  the  use  of  an  elevator  inserted 
under  the  periosteum,  and  by  the  knife  where  the  muscle- 
insertions  are  too  firm  for  the  latter.  When  the  capsule  is 
reached  it  is  divided,  and  the  head  is  dislocated  in  the 
usual  way." 

2.  Disarticulation  through  an  Anterior  Racket  Incision. 

This  method  is  also  known  as  the  anterior  oval  method. 

It  is  founded  upon  the  operations  performed  by  Larrey  in 
1793,  by  Sir  Astley  Cooper  in  1824,  by  Roser  in  1856,  and 
later  by  Verneuil.  In  the  account  of  the  operation,  the 
admirable  description  of  Farabeuf  is  followed. 

The  same  instruments  are  required  as  are  used  in  the 
previous  operation.  In  addition  to  those  mentioned,  an 
aneurysm  needle  and  a  small  scalpel  will  be  needed.  Retrac- 
tors are  occasionally  employed. 

The  'position  of  the  surgeon  and  of  his  assistants  is  the 
same.  The  patient  is  so  placed  that  the  pelvis  rests  upon 
the  extreme  end  of  the  table,  and  the  trunk  evenly  upon  the 
back. 

The  Oj^eration. — 1.  No  tourniquet  is  applied.  The  inci- 
sion is  commenced  at  the  centre  of  Poupart's  ligament, 
and  is  carried  downward  along  the  course  of  the  femoral 
vessels  for  about  three  inches.  It  is  then  made  to  curve 
iuAvards  so  as  to  cross  the  adductors  about  four  inches  below 
the  genito-crural  fold.  The  knife  then  sweeps  over  the 
posterior  aspect  of  the  thigh,  crosses  the  outer  side  of  the 
limb  a  little  way  below  the  base  of  the  great  trochanter,  and 
is  carried  obliquely  across  the  anterior  aspect  of  the  thigh 
to  meet  the  vertical  incision  about  two  inches  below  its  point 
of  commencement  (Fig.  148). 

This  incision  concerns  at  first  only  the  skin  and  the 
subcutaneous  tissue.    It  cannot  be  made  with  one  sweej)  of 
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the  knife,  and  the  hrab  must  be  so  held  and  so  rotated  as  to 
make  the  tissues  meet  the  knife. 

2.  The  femoral  sheath  is  now  exposed  at  the  upper  part 
of  the  incision,  and  the  vessels  are  laid  bare  by  dissection. 
The  common  femoral  artery  is  ligatured  in  two  places  close 
together,  and  is  divided  between  the  ligatures.  The  femoral 
vein  is  secured  in  the  same 

manner,  and  then  cut  across 
at  the  same  level  as  the  artery. 

3.  The  skin  is  freed  all 
round  the  whole  length  of  the 
incision,  and  is  allowed  to 
retract  a  httle.  The  integu- 
ments, however,  are  not  es- 
pecially dissected  up. 

4.  The  stout  scalpel  is  now 
taken,  and  is  carried  through 
the  muscles  in  the  outer  flap. 
In  this  way  are  divided  the 
sartorius,  the  rectus,  and  the 
tensor  vaginae  femoris.  The 
retraction  of  these  muscles  will 
expose  the  external  circumflex 
artery,  which  is  secured  be- 
tween two  ligatures  and  divided 

Carry  the  knife  backwards,  rotate  the  limb  in,  and  divide 
the  insertion  of  the  gluteus  maximus.  Kotate  the  limb  out 
and  divide  the  psoas  muscle.  At  this  point  the  internal 
-circmnflex  artery  is  exposed,  secured,  and  divided.  Retractors 
are  of  use  at  this  stage  of  the  operation. 

5.  The  muscles  in  the  inner  flap  are  now  cut  at  the  level 
of  the  retracted  skin.  These  include  the  jDectineus,  the 
gracilis,  and  the  superficial  adductors.  Any  divided  vessels 
are  secured. 

6.  Adduct  the  thigh,  and  rotate  it  inwards  so  as  to 
expose  the  great  trochanter.  Divide  the  insertions  of  the 
muscles  attached  to  this  process,  notably  the  gluteus  minimus 
and  medius. 

7.  Abduct  the  limb  and  rotate  it  out.  Incise  the  capsule 
transversely.    Disarticulate.    Divide  the  round  ligament  and 
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also  the  obturator  oxtcrnus  tendon,  if  it  has  up  to  the  present 
escaped  division. 

8.  The  Hmb  being  still  more  rotated  outwards,  the  head 
of  the  femur  is  dragged  forward,  and  the  longer  knife  being 
passed  behind  the  bone,  all  the  soft  parts  at  the  posterior 
aspect  of  the  limb  are  divided  with  one  sweep  of  the  blade 
at  the  level  of  the.  retracted  skin.  These  tissues  will  include 
the  hamstrings,  the  great  sciatic  nerve,  and  the  undivided 
parts  of  the  adductors,  prmcipally  represented  by  the  adductor 
magnus. 

When  the  wound  is  approximated,  there  should  be  no 
strain  upon  the  sutures,  which  are  deeply  appUed. 

Hanmrrrharje. — Tt  is  a  feature  of  this  operation  that  the 
vessels  are  ligatured  as  they  are  exposed,  the  surgeon  dealing 
with  the  hiemorrhago  according  to  the  method  adopted 
during  the  removal  of  a  large  tumour.  In  my  experience  of 
this  operation  the  loss  of  blood  has  been  quite  insignificant. 

3.  Disarticulation  by  Antero-Posterior  Flaps  (Trans- 
fixion). 

This  operation  was  at  one  time  very  extensively  practised 
in  England.  The  method  is  frequently  known  as  Liston's 
operation.  It  has  been  very  well  described  by  Fergusson, 
and  has  been  associated  with  the  names  of  many  French 
surgeons. 

The  great  feature  of  the  operation  consists  in  the  rapidity 
with  which  it  can  be  performed.  Fergusson  states  that  the 
procedure  can  be  completed  (so  far  as  the  use  of  the  knife  is 
concerned)  in  from  twelve  to  twenty  seconds. 

This  was  a  matter  of  no  little  moment  before  the  days 
of  ether  and  chloroform. 

The  anterior  flap  is  long  and  U-shaped.  The  posterior 
flap  is  shorter,  and  is  more  squarely  cut. 

No  tourniquet  of  any  kind  is  employed.  Even  the  elastic 
band  would  be  in  the  way,  and  would  probably  slip  during 
the  somewhat  vigorous  movements  to  which  the  limb  is 
subjected.  The  main  vessels  are  secured  in  the  flap  itself 
by  the  fingers  of  an  assistant,  who  compresses  them  during 
the  actual  cutting  of  the  flap. 

Instruments.  —  A  pointed  amputating-knife,  having  a 
length  equal  to  one  and  a  half  times  the  diameter  of  the  limb 
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at  the  level  of  the  hip.  Artery  forceps.  Ten  or  fifteen 
pressure  forceps.    Scissors,  needles,  etc. 

Position. — The  patient  is  supine,  and  the  buttocks  rest 
upon  the  extreme  edge  of  the  table.  The  sound  limb  is 
secured  out  of  the  way.  The  surgeon  stands  to  the  outer 
side  of  the  limb  in  the  case  of  both  the  right  and  the  left 
extremities.  One  assistant  stands  above  the  operator.  His 
duty  is  to  attend  to  the  anterior  flap,  to  compress  the  mam 
vessels  as  the  flap  is  being  cut,  and  to  hold  it  out  of  the 
way  during  the  disarticulation.  A  second  assistant  stands 
opposite  to  the  surgeon  to  assist  generally,  and  to  seize 
any  bleeding  points  as  soon  as  the  limb  is  separated.  A 
third  helper  may  stand  near  the  patient's  shoulders  (on  the 
opposite  side),  to  steady  the  pelvis  and  prevent  the  body 
from  sHpping  off  the  table.  The  fourth  assistant  manipulates 
the  limb.  This  ofiice  is  of  exceeding  importance.  The 
rapidity  with  which  the  disarticulation  can  be  effected 
depends  largely  upon  the  smartness  of  this  assistant. 

The  limb  is  made  to  assume  a  different  position  at  each 
step  of  the  operation. 

1.  The  hmb  is  a  little  flexed  and  a  little  abducted.  The 
knife  is  entered  midway  between  the  anterior  superior  ihac 
spine  and  the  top  of  the  great  trochanter,  is  thrust  through 
the  limb  parallel  with  Poupart's  ligament,  and  is  brought  out 
at  the  inner  side  of  the  thigh  behind  the  adductor  longus, 
about  one  inch  in  front  and  one  inch  below  the  tuber  ischii, 
and  some  three  inches  from  the  anus. 

The  knife  should  graze  the  head  of  the  femur  in  its 
passage,  and  just  open  the  hip  capsule.  It  is  passed,  therefore, 
as  deeply  as  possible. 

If  reasonable  care  be  not  taken,  the  knife  may  slice  the 
femoral  vessels,  or  may  be  arrested  by  the  femur,  or  may 
enter  the  thyroid  foramen,  or  may  have  its  point  driven  into 
the  testicle  or  the  thigh  of  the  opposite  side. 

The  surgeon  now  cuts,  by  a  sawing  movement  of  the  knife, 
a  U-shaped  anterior  flap  some  eight  inches  in  length. 

This  flap  will  end  about  the  junction  of.  the  upper  with  the 
middle  thirds  of  the  thigh  (Fig.  146,  b).  It  should  include  as 
much  of  the  soft  parts  as  possible. 

It  will  be  noticed  that  the  knife  is  placed  obliquely  at  the 
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commencement  of  the  cutting  of  ttie  flap,  and  that  it  becomes 
transverse  at  the  termination.  More  tissue  has  to  be  divided 
on  the  outer  than  on  the  inner  side  of  the  Umb.  If  the 
flap  be  carelessly  cut,  it  is  apt  to  be  too  pointed  at  its 
extremity. 

As  the  knife  is  carried  downwards,  the  first  assistant  slips 
his  fingers  under  the  cut  surface  of  the  flap  and  compresses 
the  main  vessels  against  his  thumbs,  which  are  placed  upon 
the  skin.  It  thus  happens  that  before  the  femoral  is  divided 
at  the  end  of  the  flap  the  upper  part  of  the  trunk  is  well 
secured. 

As  soon  as  the  flap  is  made  this  assistant  draws  it  upwards 
out  of  the  surgeon's  way,  while  he  still  grasps  the  great 
vessels. 

2.  The  limb  is  straightened  and  is  fully  extended,  i.e., 
the  knee  is  depressed.    The  surgeon  cuts  open  the  capsule. 

The  thigh  is  now  rotated  outwards.  The_  head  slips  out  of 
the  acetabulum,  and  the  round  ligament  is  divided. 

The  thigh,  still  extended,  is  now  rapidly  adducted  and 
rotated  inwards,  and  the  muscles  about  the  great  trochanter 
are  cut. 

The  disarticulation  is  complete,  and  nothing  remains  but  to 
cut  the  posterior  flap. 

3.  The  whole  thigh  is  now  lifted  directly  up  in  such  a 
way  that  the  free  end  of  the  femur  is  dragged  away  from  the 
posterior  tissues  and  is  forced  forwards. 

The  surgeon  passes  his  knife  behind  the  femoral  head  and 
the  great  trochanter,  and,  cutting  downwards;  forms  the 
posterior  flap. 

This  flap  is  shorter  than  the  anterior,  and  the  skin  is 
divided  about  the  level  of  the  gluteal  fold  (Fig.  146,  b). 

The  clearing  of  the  great  trochanter  is  perhaps  the  most 
difiicult  part  of  the  operation.  If  not  well  done,  a  pocket  is 
left  in  the  flap  at  the  site  of  that  process. 

Hcemorrhage. — The  sciatic  artery  and  branches  of  the 
gluteal  in  the  posterior  flap  should  first  be  secured ;  then  the 
internal  circumflex,  close  to  the  inner  side  of  the  acetabulum. 
The  superficial  femoral  is  divided  near  to  the  free  extremity  of 
the  anterior  flap.  The  profunda  is  usually  found  severed  about 
the  middle  of  the  cut  surface  of  the  flap.    In  the  outer  part  of 
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the  same  flap  the  external  circumflex  will  be  found  and  will 
require  a  ligature. 

The  femoral  and  profunda  veins  should  be  ligatured. 

Variet  ies  of  the  Operation. — Some  surgeons  have  made  an 
anterior  flap  only,  cutting  the  soft  parts  at  the  back  of  the 
Hmb  by  a  single  sweep  of  the  knife  at  right  angles  to  the  axis 
of  the  femur. 

The  anterior  and  posterior  flaps  have  been  made  of  the 
same  length,  i.e.,  about  five  inches. 

Fergusson  made  the  anterior  flap  four  inches  in  length  and 
the  posterior  "  somewhat  longer." 

Beclard  cut  the  posterior  flap  first. 

4.  Guthrie's  Operation. 

This  is  the  best  type  of  operation  by  flaps  cut  from  without 
inwards.  The  flaps  are  short  and  oblique,  and  are  placed 
antero-posteriorty. 

Instruments. — The  elastic  tourniquet  is  apphed  in  the 
manner  already  described.  A  stout  knife  with  a  blade  five 
inches  in  length ;  artery  forceps ;  ten  or  fifteen  pressure 
forceps ;  scissors,  etc. 

Position. — The  position  of  the  patient  and  of  the  surgeon 
and  his  assistants  is  the  same  as  in  operation  No.  1  (page 
531).  It  is  more  convenient  for  the  operator  to  stand  on  the 
right-hand  side  of  either  limb. 

The  Operation. — The  following  is  Guthrie's  description 
("Commentaries,"  5th  ed.,  1853,  page  76): — "The  surgeon 
commences  his  first  incision  some  three  or  four  inches  directly 
below  the  anterior  spinous  process  of  the  ilium,  carries  it 
across  the  thigh  through  the  integuments,  inwards  and  back- 
wards in  an  oblique  direction,  at  an  equal  distance  from  the 
tuberosity  of  the  ischium  to  nearly  opposite  the  spot  where 
the  incision  commenced.  The  end  of  this  incision  is  then  to 
be  carried  upwards  with  a  gentle  curve  behind  the  trochanter, 
until  it  meets  with  the  commencement  of  the  first,  the  second 
incision  being  about  or  rather  less  than  one-third  the  length  of 
the  first. 

"  The  integuments,  including  the  fascia,  being  retracted,  the 
three  gluteal  muscles  are  to  be  cut  through  to  the  bone.  The 
knife  being  then  placed  close  to  the  retracted  integuments, 
cuts  steadily  through  everything  on  the  anterior  part  and 
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inside  of  the  thigh.  The  femoral  or  other  large  artery  may 
then  be  drawn  out  and  tied. 

"  The  capsular  ligament  being  well  opened,  and  the  liga- 
mentum  teres  divided,  the  knife  should  be  passed  behind  the 
head  of  the  bone  thus  dislocated,  and  made  to  cut  its  way  out, 

care  being  taken  not  to  have 
too  large  a  quantity  of 
nuiscle  on  the  under  part, 
or  the  integuments  will  not 
cover  the  wound." 

5.  Other  Methods  of 
Disarticulation.  —  Of  the 
many  other  procedures  not 
here  described  it  is  necessary 
only  to  allude  to  the  ampu- 
tations by  lateral  flaps. 

These  operations  are  still 
advised  by  some  surgeons 
in  cases  of  Hmited  injury  of 
the  front  of  the  thigh,  as  in 
Fig.  149.— LisPEANc's  DISARTICULATION  AT   guushot  wound,  aud  lu  cascs 

THE  HIP   BY  INTEENAIi  AND  EXTEENAL 


FLAPS. 


where  a 


Sfi'owth 


projects 


towards  the  anterior  part  of 
the  limb.  Very  unwieldy  stumps  are  left,  and  these  methods 
have  httle  or  nothing  to  recommend  them. 

Figure  149  shows  the  incisions  in  Lisfranc's  method.  The 
flaps  are  cut  by  transfixion,  the  outer  one  being  made  first. 
After  disarticulation  has  been  effected  the  inner  flap  is  cut. 
The  vessels  are  ligatured  as  exposed.  Each  flap  is  about  four 
inches  in  length,  and  are  both  very  bulky. 

The  names  of  Larrey,  Blandin,  and  Dupuytren  are  especially 
associated  Avith  these  lateral-flap  operations. 

An  excellent  atlas  of  the  various  methods  of  amputating  at 
the  hip-joint  is  given  by  Farabeuf  in  his  "  Precis  de  Manuel 
Operatoire,"  1885,  page  634. 

Comment. — 1.  Of  these  various  operations  those  by  the 
racket  method  may  be  considered  to  be  the  best. 

Of  the  tAvo  methods  involved,  that  which  employs  the 
anterior  incision  appears  to  me  to  be  the  more  useful. 

With  no   other  form   of    disarticulating  at  the  hip- 
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joint  have  I  experienced  such  good  results  as  with  this 
method. 

1.  The  External  Racket  method  has  the  following  points  to 
recommend  it : — 

(a)  The  elastic  tourniquet  can  be  applied. 

(6)  The  femur  is  approached  through  the  least  vascular 
part  of  the  hmb,  and  disarticulation  may  be  eft'ected  before  the 
main  mass  of  the  muscles  of  the  thigh  has  been  cut. 

(c)  The  vessels  of  the  part  are  divided  transversely,  and 
the  main  artery  is  severed  late  in  the  operation. 

(d)  Owing  to  the  low  position  of  the  incision  posteriorly, 
the  branches  of  the  gluteal  and  sciatic  artery  are  but  little 
interfered  with,  and  the  haemorrhage  from  these  vessels  is 
comparatively  trifling. 

(e)  The  muscles  are  divided  transversely,  and  the  wound- 
surface  therefore  is  small.  The  main  muscular  masses  are 
divided  low  down,  so  that  in  a  sense  the  limb  is  removed  at  a 
point  further  from  the  trunk  than  obtains  in  some  of  the 
other  amputations,  and  shock  is  hereby  diminished. 

(/)  An  excellent  stump  is  provided — i.e.,  the  ischium  (the 
main  point  from  which  the  future  artificial  limb  will  take  its 
support)  is  well  covered ;  the  cicatrix  is  brought  to  the  outer 
side  of  the  hmb,  and  is  as  far  removed  from  the  anus  as 
possible  ;  excellent  drainage  is  provided  for. 

(g)  The  position  of  the  vertical  incision  will  permit  of  the 
hip  being  explored  before  operation,  or  of  an  excision  being 
carried  out  should  it  be  revealed  that  amputation  is  not 
necessary. 

It  is  through  this  method  that  the  suhjjeriosteal  operation 
can  be  best  carried  out. 

This  procedure  involves  a  considerable  expenditure  of  time, 
and  even  if  the  greatest  care  be  taken  it  is  scarcely  jDossible 
to  dissect  up  the  whole  of  the  periosteum  from  the  exposed 
part  of  the  femur. 

In  the  most  successful  cases,  as  in  Mr.  Shuter's  case  of  sub- 
periosteal amputation  {Clinical  Sac.  Trani^.,  vol.  xvi.,  page  80), 
a  firm  resisting  cord  of  considerable  size  was  found  to  occupy 
the  centre  of  the  stump,  and  to  afford  a  common  point  of 
attachment  to  the  muscles. 

The  patient  was  able  to. move  the  stump  in  all  directions, 


544 


OPERATIVE  SURGERY. 


and  to  communicate  those  movements  to  an  artificial  limb. 
There  is  no  evidence  that  any  new  bone  was  ever  reproduced 
in  the  stump. 

In  Mr.  Shuter's  case  the  patient  was  at  first  able  to  wear 
the  artificial  limb  for  some  hours  nearly  every  day ;  but 
subsequently  he  was  obliged  to  leave  it  off  on  account  of  its 
weight. 

In  Furneaux  Jordan's  operation  the  muscles  may  he 
divided  still  lower  down,  i.e.,  about  the  middle  of  the  thijrh 
or  near  the  knee. 

Although  the  circular  incision  is  made  low  doAvm  in  the 
limb,  and  though  a  more  slender  segment  of  it  is  divided,  it 
must  be  remembered  that  the  deep  vertical  incision  required 
to  expose  and  resect  the  femur  is  proportionately  increased  in 
length.  Bleeding  from  this  vertical  wound  may  be  consider- 
able, since  several  of  the  perforating  arteries  are  cut. 

Shock  is  no  doubt  much  diminished  by  dividing  the  soft 
parts  low  down.  With  regard  to  the  long,  boneless  stump  left, 
Mr.  Jordan  writes : — "  If  the  thigh  were  to  remain  a  soft, 
pendulous  mass,  it  would  be  a  small  price  to  pay  for  greater 
safety ;  but  it  is  a  remarkable  circumstance  that,  as  a  rule,  the 
muscles  do  not  rest  until  the  longest  stump  has  become  a 
short  one." 

Esmarch's  method  has  the  advantage  of  being  rapid,  and 
is  moreover  easily  performed.  The  vessels  are  divided  and 
secured  at  an  early  stage  of  the  operation.  This  procedure 
is  well  adapted  for  the  apphcation  of  the  subperiosteal 
method. 

2.  The  disarticulation  through  an  anterior  racket  inci- 
sion has  many  of  the  advantages  of  the  previous  operation, 
and  has  other  special  claims  of  its  own. 

(a)  All  forms  of  elastic  tourniquet  can  be  dispensed  with. 

(h)  The  muscles  are  divided  transversely,  and  the  wound- 
surface  is  comparatively  small. 

(c)  The  division  of  the  great  mass  of  the  muscles  is  made 
low  down. 

{d)  The  vessels  in  the  posterior  part  of  the  limb  are  but 
little  interfered  with. 

(e)  The  main  vessels  are  ligatured  early,  and  the  other 
arteries  are  secured  as  they  are  cut. 
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(/)  The  hip-joint  is  directly  exposed,  and  disarticulation 
is  most  easily  effected. 

Compared  with  the  external  racket  method,  the  present 
procedure  has  these  possible  disadvantage? : — 

The  femur  is  exposed  through  a  muscular  and  vascular 
part  of  the  thigh,  and  the  vertical  incision  made  is  not  quite 
so  well  adapted  for  a  mere  exploratory  cut,  nor  for  an  excision 
wound  should  amputation  be  at  the  last  moment  abandoned. 

The  procedure  is  less  rapidly  effected,  although  the  actual 
disarticulation  is  easier.  This  depends  upon  the  fact  that 
the  smaller  divided  vessels  are  more  easily  dealt  with  after 
the  limb  has  been  removed  than  during  the  cutting  of  the 
flaps.  The  double  ligaturing  of  the  main  vessels  also  involves 
time. 

The  stump  is  good,  the  ischium  is  well  covered,  the  edges 
of  the  wound  come  easily  together,  but  the  flaps  are  not  quite 
so  well  adapted  to  favour  ready  drainage. 

3.  The  operation  by  antero-posterior  flaps  cut  by  trans- 
fixion has  the  advantage  of  great  rapidity  of  execution. 
Before  the  days  of  chloroform,  this  was  an  advantage  of  the 
primest  value. 

In  many  instances  at  the  present  time,  especially  in  cases 
of  amputation  for  injury,  rapidity  of  execution  is  of  very  con- 
siderable importance.  It  must  be  considered  to  what  extent 
this  single  great  advantage  can  overbalance  the  following 
grave  disadvantages  : — 

(a)  A  tourniquet  can  only  with  difiiculty  be  applied. 

(b)  The  flaps  cannot  be  very  accurately  cut. 

(c)  The  muscles  are  divided  obhquely,  and  the  wound- 
surface  is  very  considerable. 

(d)  The  soft  parts  are  divided  high  up,  consequently  there 
should  be  greater  shock. 

(e)  The  branches  of  the  gluteal  and  sciatic  arteries  are 
so  freely  cut  that  copious  hsemorrhage  from  the  posterior  flap 
is  common. 

(/).  The  stump  does  not  provide  a  very  excellent  covermg 
for  the  ischium.  The  cicatrix  is  exposed  to  pressure  ;  the 
wound  is  carried  very  near  to  the  anus,  and  efficient  dramage 
is  not  provided  unless  drainage-tubes  are  employed. 

The  operation  has  advantages  in  military  surgery,  and  in 
J  J 
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some  cases  of  accident,  but  it  is  scarcely  applicable  to  dis- 
articulation for  disease. 

4.  Guthrie's  operation  is  strongly  recommended  by  several 
writers.  Ashhurs-t  ("  Encyclopaedia  of  Surgery  ")  considers  it 
to  be,  without  reserve,  the  best  mode  of  amputating  at  the 
hip-joint. 

The  operation  occupies  a  position  but  little  inferior  to  that 
held  by  the  external  and  anterior  racket  methods. 

The  same  advantages  can  be  claimed  for  it  as  are  claimed 
for  the  latter  operation.  The  muscles  are,  however,  not  di- 
vided so  transversely,  and  disarticulation  is  not  quite  so 
readily  effected.  The  operation  is,  on  the  other  hand,  more 
rapidly  performed,  and  the  femur  is  exposed  through  a  less 
fleshy  and  vascular  part  of  the  limb. 

The  operation  is  inferior  to  the  external  racquet  method 
for  reasons  that  need  not  be  recapitulated. 

An  excellent  stump  results,  the  ischium  is  well  covered, 
the  wound  is  brought  more  to  the  outer  side  of  the  extremity, 
and  is  well  adapted  for  efficient  drainage.  The  cicatrix  is 
small  and  protected  fi-om  pressure. 

AFTER-TREATMENT  OF  AMPUTATIONS  AT  THE  HIP-JOINT. 

After  the  operation  all  necessary  means  should  be  taken 
to  prevent  severe  shock.  The  head  should  be  kept  low,  the 
body  be  w^ell  covered  with  blankets  and  kept  warm  by  hot 
bottles,  and,  if  necessary,  enemata  of  brandy  may  be  ad- 
ministered.. 

By  means  of  a  suitable  cradle  the  stump  can  be  left  un- 
covered, and  the  dressings  be  exposed  to  the  air.  The  stump 
should  be  supported  upon  a  firm  pillow  or  cushion,  care 
being  taken  that  no  pressure  is  exercised  upon  the  wound. 

It  is  not  reasonable  to  suppose  that  the  great  wounds  left 
by  these  operations  will  heal  up  throughout  by  first  intention. 
There  is  always  a  considerable  discharge  of  sero-sanguinolent 
matter  from  the  large  wound-surface.  In  the  racquet  oper- 
ations, and  in  Guthrie's  disarticulation,  drainage  may  be 
secured  by  omitting  a  suture  or  so  at  the  most  depend- 
ent point  of  the  wound.  In  the  transfixion  operation  by 
antero-posterior  flaps,  a  drainage-tube  will  most  probably  be 
;required. 
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The  weight  of  the  flaps  renders  it  important  that  the 
sutiu-es  should  not  be  removed  too  soon,  and  after  their  re- 
moval it  will,  as  a  rule,  be  found  necessary  to  support  the 
flaps  by  strapping. 

Care  must  be  taken  that  the  dressings  are  not  soiled 
by  urine  or  fteces,  and  that  bed-sores  do  not  form  over  the 
sacrum  or  the  trochanter  of  the  opposite  side. 
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^art  YI. 

OPERATIONS  ON  THE  BONES  AND 

JOINTS. 

CHAPTER  I. 
Osteotomy. 

By  osteotomy  is  understood  tlie  division  of  a  bone  in  its 
continuity  for  the  relief  of  deformities  of  various  kinds. 

The  operation  has  been  adopted  in  the  treatment  of  such 
conditions  as  the  deformity  produced  by  mal-union  after 
fracture,  the  curving  of  bones  incident  to  rickets  or  extensive 
necrosis,  osseous  anchylosis  of  joints,  genu  valgum,  and  some 
other  deviations. 

Linear  osteotomy  implies  the  division  of  the  bone  in  its 
continuity  in  a  single  transverse  line,  the  subcutaneous 
method  being  carried  out. 

Cuneiform  osteotomy  is  the  term  applied  to  the  cutting- 
out  of  a  wedge-shaped  piece  for  the  relief  of  such  deformity 
as  that  represented  by  the  curved  tibia  met  with  in  rickets. 

In  both  forms  the  operation  may  be  performed  by  means 
of  a  saw,  or  a  chisel,  or  an' osteotome. 

The  earlier  operations  were  performed  for  the  relief  of 
deformity  following  upon  fracture,  and  the  bone  was  divided 
through  a  large  open  wound. 

Thus  Lemercier,  in  1815,  sawed  through  the  femur  to 
correct  the  deformity  due  to  mal-union  of  a  fracture  of  that 
bone. 

The  first  osteotomy,  in  the  sense  in  which  the  term  is  now 
usually  employed,  was  performed  by  Rhea  Barton,  an  Ameri- 
can surgeon,  in  1826  {North  American  Medical  and  Sur- 
gical Journal,  April,  1827).    He  divided  the  femur  between 
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the  two  trochanters,  to  remedy  a  vicious  anchylosis  of  the 
hip-joint.  A  saw  was  used,  and  a  large  skin-incision  made. 
The  osteotomy  was  linear. 

Another  American  surgeon — Rodgers— is  credited  with 
liaving  performed  the  first  cuneiform  osteotomy  in  1880  (also 
for  anchylosis  at  the  hip). 

A.  Key  performed  in  England  a  linear  osteotomy — with  a 
saw — for  the  treatment  of  an  angular  bend  in  the  tibia  follow- 
ing fracture  (Guy's  Hospital  Reports,  1839,  page  193). 

Langenbeck  carried  out  the  first  subcutaneous  osteotomy 
in  1852-3  (Deutsche  Klinik,  1854,  No.  30). 

Meyer,  of  Wurzburg,  appears  to  have  performed  the  first 
osteotomy  for  rickety  curvatures  in  1851  (Illustrirte 
Medizin.  Zeit,  1852,  pages  1  and  65). 

Mr.  Stromeyer  Little  claims  to  have  performed  the  first 
subcutaneous  osteotomy  in  England  in  1868  ("  In-Knee 
Distortion,"  1882,  page  149).  The  case  was  one  of  osseous 
union  of  the  knee-joint.    A  chisel  and  mallet  were  employed. 

Adams'  operation  upon  the  neck  of  the  femur  for  laony 
anchylosis  dates  from  1869  ("A  New  Operation  for  Bony 
Anchylosis  of  the  Hip-joint,"  1871).  Ogston's  operation  for 
genu  valgum  dates  from  May,  1876  (Edinburgh  Medical 
Journal,  March,  1877),  and  Macewen's  osteotomy  for  that 
deformity  was  first  carried  out  in  1877  (Lancet,  March, 
1877). 

The  Instruments  employed. 

The  following  are  the  instruments  required  in  these 
operations : — (1)  An  ordinary  scalpel ;  (2)  chisels  and  osteo- 
tomes of  various  sizes ;  (3)  mallet ;  (4)  saws  for  subcutaneous 
division  of  bones  ;  (5)  sand  bag ;  (6)  blunt  hooks. 

The  Chisels  and  Osteotomes  employed  .are  those  introduced 
t)y  Dr.  Macewen.  The  chisel  has  the  same  form  as  the 
ordinary  carpenter's  chisel.  It  is  square  at  the  end,  and  has 
a  very  sharp  edge.  It  should  be  made  of  the  finest  steel, 
and  be  very  carefully  tempered.  The  part  of  the  instrument 
near  the  cutting  edge  is  alone  raised  to  a  great  degree  of 
hardness  ;  the  rest  of  the  blade  is  kept  softer,  so  that  there 
shall  be  no  danger  of  its  snapping.  The  edge  is  bevelled  on 
one  side  only,  according  to  the  ordinary  pattern,  and  the 
thickness  of  the  blade  at  the  base  of  the  bevel  is  about  one- 
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twelfth  of  an  inch  (Fig.  150).  Chisels  with  unduly  thick 
blades  are  clumsy,  and  are  apt  to  splinter  the  bone. 

It  is  desirable  that  the  blade  and  the  handle  be  made  of 
one  piece  of  metal ;  that  the  handle  be  octagonal,  for  con- 
venience of  holding ;  and  that  the  head  be 
rounded,  smooth,  and  projecting,  to  receive 
the  blows  of  the  mallet  (Fig.  151). 

Macewen's  osteotome  has  a  wedge- 
shaped  extremity,  and  has  the  outline,  as 
seen  sideways,  of  an  attenuated  double- 
inclined  plane  (Figs.  150  and  151).  It  is 
square  at  the  end,  has  a  sharp  edge,  and  is 
tempered  in  the  same  way  as  th'e  chisel. 
The  j^recise  fashioning  of  the  blade  is 
shown  in  the  full-sized  figure  (Fig.  150). 
The  handle  and  the  extremity  of  the 
instrument  are  the  same  as  the  chisel. 
Indeed,  these  two  instruments  differ  only 
in  the  manner  in  which  their  cutting  extremities  are  bevelled. 

They  should  present  various  widths  of  blade,  according  to 
the  size  of  the  bone  to  be  divided.  The  most  convenient 
sizes  are  represented  by  three  instruments,  the  smallest  of 
which  is  one-third  of  an  inch  wide  in  the  blade  and  the 
largest  fi-om  half  an  inch  to  two-thirds  of  an  inch  in  width. 
Upon  the  side  of  the  osteotome  a  half-inch  scale  is  marked, 
so  that  the  depth  to  which  the  instrument  has  passed  may  be 
noted. 

The  chisel  is  used  only  for  paring,  shaving,  and  cutting 
out  wedges  of  bone,  as  in  cuneiform  osteotomy. 

The  osteotome  is  employed  only  for  making  simple  in- 
cisions or  wedge-shaped  openings,  but  without  removal  of 
bone.  The  chisel,  like  the  ordinary  carpenter's  chisel,  is  apt 
to  go  awry  if  a  straight  section  be  attempted. 

It  is  well  that  new  instruments  should  be  tried  upon  the 
bones  of  animals  before  being  used  in  operating  upon  the 
living  subject,  if  there  be  any  doubt  as  to  their  str-engtL 

In  one  case,  when  dividing  the  femur  for  deformity  fol- 
lowing a  mal-united  fracture,  I  was  horrified  to  find  on  re- 
moving the  osteotome  that  a  large  angular  piece  had  been 
broken  from  the  cutting  edge.    I  was  unable  to  remove  the 
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fragment,  but  the  bone  united  without  comphcation,  and  no 
inconvenience  followed  upon  the  retention  of  the  piece  of 
steel,  which  was  no  doubt  buried  in  the  callus. 

The  Mallet  is  made  of  some  hard  wood,  such  as  lignum 
viiw.  The  leaden  mallets  used  by  many- 
French  surgeons  have  little  to  recom- 
mend them. 

The  Saws  used  for  the  subcutaneous 
division  of  bone  are  founded  upon  Adams' 
saw.  The  blade  is  very  slender,  and 
the  serrated  edge  is  of  hmited  extent 
(Fig.  152).  Many  saws  have  been  intro- 
duced, but  they  differ  little  from  Adams' 
instrument,  except  in  the  shape  of  the 
handle  or  in  the  inclination  of  the  blade 
to  the  handle.  Trocar  saws  and  con- 
cealed saws  are  ingenious,  but  are  of  no 
especial  practical  value. 

The  Sand  Bag  or  Sand  Pillow  is  used 
for  the  purpose  of  fixing  or  imbedding  the 
limb  during  the  process  of  dividing  the 
bone  with  the  osteotome. 

The  sand  pillow  used  by  Dr.  Macewen 
measures  18  inches  by  12  inches.  The 
case  is  filled  with  sand  just  sufficient  to  enable  it  to  be 
shifted  fi-om  one  part  of  the  bag  to  another  without  leaving 
any  portion  empty — a  moderate  fidness  without  distension. 
"  The  sand  is  moistened  just  before  the  operation,  to  prevent 
the  escape  of  dust  and  to  produce  greater  cohesion  between 
its  particles,  so  that  it  will  more  readily  retain  the  form  or 
mould  imparted  to  it.  It  is  then  covered  with  a  sheet  of 
jaconet  or  other  waterproof  mateiial,  and  laid  on  a  table" 
{Maceiven). 


151. — SLiCEWEN'S 
OSTEOTOME. 


THE  OPERATION. 


1.  Linear  Osteotomy  with  the  Osteotome. 

The  operation  cannot  be  better  described  than  in  the 
terms  employed  by  its  author.  Dr.  Macewen : — 

"  The  patient  ought  to  be  placed  fully  under  the  influence 
of  an  antesthetic,  and  this  should  be  maintained  during  the 
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"  performance  of  the  operation  and  until  tlie  limb  is  securely 
fixed  in  splints.  After  the  patient  is  fully  anaesthetised,  the 
limb  is  rendered  bloodless  .  .  .  and  is  placed  on  a  sand 
pillow.  .  .  .  The  limb  is  then  imbedded  in  the  pillow  in 
the  manner  suitable  for  the  particular  operation. 

"  In  order  to  introduce  either  the  saw  or  the  osteotome,  a 
wound  in  the  soft  parts  must  be  made.  This  wound  ought  to 
be  a  sharp,  clean,  single  incision,  produced  by  one  stroke  of 
the  instrument  whenever  this  is  practicable.  Dissection  ought 
to  be  avoided,  the  situation  in  which  the  incision  is  to  be 
made  being  chosen  so  as  to  get  to  the  bone  as  directly  as 
possible.  The  du-ection  of  the  mcision  should  be  in  a  line 
with  that  of  the  muscular  fibres  about  to  be  penetrated.  The 
situation  of  the  wound  in  the  soft  parts  ought  to  be  selected 
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so  as  to  avoid  cutting,  not  only  the  larger  vessels,  but  also 
the  smaller  ones,  when  this  can  be  done. 

"  As  to  the  extent  of  the  incision,  this  depends  greatly 
on  the  surgeon,  whether  he  wishes  to  see  what  he  is  doing, 
or  whether  he  can  trust  to  the  tactile  sensations  conveyed 
through  the  instrument  to  his  hand  as  a  sufficient  guide.  If 
the  latter,  the  wound  need  only  be  large  enough  to  admit  the 
osteotome  ;  if  the  former,  it  would  require  to  be  a  couple  or 
more  inches  in  length,  according  to  the  depth  of  the  tissues. 
When  a  surgeon  commences  to  practise  osteotomy,  it  would 
be  well  for  him  to  make  a  large  incision,  one  sufficient  to 
enable  him  to  examine  the  bone  with  the  finger,  or  even  to 
sec  the  bone.  In  this  way  he  performs  his  operation  with 
more  confidence,  and  the  extent  of  his  incision  is  an  element 
of  safety,  inasmuch  as  it  provides  a  ready  exit  for  discharge — 
blood  or  serum — which  otherwise  might  be  pent  up  in  the 
parts,  causing  distension.  After  he  has  gained  a  little  moie 
experience,  the  osteotcme  may  be  used  as  a  probe  (the  saw 


554 


OPERATIVE  8VB0EBY. 


will  never  answer  this  purpose),  the  sensations  conveyed 
through  the  instrument  being  sufficient  to  enable  the 
operator  to  ascertain  all  that  can  be  known  by  the  intro- 
duction of  the  finger.  When  the  operator  has  reached  this 
stage,  all  that  is  necessary  is  to  make  an  incision  which  Avill 
enable  the  osteotome  to  reach  the  bone — from  half  an  inch  to 
an  inch  long,  according  to  the  breadth  of  the  blade.  By 
operating  in  this  way  the  tissues  are  much  less  disturbed, 
there  is  less  effusion  of  blood  or  serum,  and  much  less  need  of 
drainage. 

"  When  small  wounds  are  made,  the  knife  ought  to  remain 
in  situ  until  the  saw  or  the  osteotome  is  introduced  by  the 
side  of  it  to  the  bone,  the  knife  acting  as  a  guide.  When  the 
osteotome  has  reached  the  bone,  it  should  be  turned  in  the 
direction  in  which  the  osseous  incision  is  to  be  made,  care 
being  taken  while  doing  this  not  to  denude  the  bone  of 
periosteum. 

"  The  osteotome  ought  to  be  used  in  such  a  way  as  to 
direct  its  cutting  edge  away  from  any  important  soft  struc- 
tures which  it  may  be  necessary  to  avoid.  As  the  osteotome 
has  blunt  sides,  it  may  be  used  to  lever  the  soft  tissues  aside, 
keeping,  meanwhile,  the  cutting  edge  of  the  instrument  in 
close  contact  with  the  bone. 

"  After  a  little  practice,  the  osteotome  acts  as  a  probe,  and 
when  once  the  tactile  impressions  conveyed  through  the 
instrument  are  cultivated,  it  becomes  a  delicate  indicator  of 
the  state  of  the  bone,  the  precise  relation  of  the  osteotome  to 
it,  and  the  extent  of  the  osseous  incision.  But  when  the 
osteotome  has  been  imbedded  in  the  bone  for  an  inch  or  two, 
its  delicacy  of  touch  is  lost,  and  it  no  longer  remains  a  pre- 
cise indicator  of  what  is  in  contact  with  its  cutting  edge. 
This  is  due  to  the  manner  in  which  the  sides  of  the  instru- 
ment are  pressed  on  and  caught  by  the  bone,  the  amount  of 
lateral  pressure  varying  according  to  the  amount  of  the 
osseous  tissue  through  which  the  instrument  passes. 

"  This  may  be  easily  rectified  by  introducing  a  finer  instru- 
ment by  the  side  of  the  thicker  one  first  used,  and  with- 
drawing the  latter.  The  finer  instrument  is  then  placed  in 
the  osseous  groove  made  by  the  thick  one ;  but,  being  a  more 
attenuated  wedge,  its  sides  are  not  pressed  on,  so  that  it  acts 
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as  an  indicator  of  the  kind  of  tissue  in  immediate  contact 
with  its  cutting  edge.  This  can  be  repeated  in  a  thick 
bone  by  the  substitution  of  a  third  instrument  of  still 
greater  acuteness. 

"  When  using  the  osteotome,  it  ought  to  be  grasped  firmly 
in  the  left  hand,  steadied  by  the  inner  border  resting  on  the 
patient's  limb.  The  surgeon  ought  to  cut  to,  instead  of  from, 
himself ;  thus,  if  the  surgeon  is  operating  on  the  inner  side  of 
the  left  limb,  he  ought  to  stand  on  the  left  side  of  the  patient, 
and  cut  towards  himself 

"If  the  surgeon,  instead  of  following  this  instruction, 
should  hold  the  osteotome  loosely,  a  slightly  uneven  blow 
with  the  mallet  would  outweigh  his  grip,  and  might  cause  the 
instrument  to  slide  along  the  surface  of  the  bone,  peeling  the 
periosteum,  or  causing  a  more  unpleasant  accident,  such  as 
penetration  of  an  artery. 

"When  the  chisel  is  placed  in  position,  the  mallet  may 
then  be  brought  into  requisition,  being  used  by  the  right  hand. 
When  the  external  shell  of  bone  is  felt  to  have  given  way, 
it  is  not  advisable  to  attempt  to  complete  at  once  this 
particular  portion  of  the  section,  because  the  instrument  is 
apt  to  be  caught.  In  order  to  avoid  the  impaction,  the  entire 
superficial  portion  of  the  section  ought  to  be  completed  in 
the  first  instance,  so  as  to  permit  a  little  movement  of  the 
instrument  in  the  direction  of  its  breadth ;  and  by  making  a 
series  of  such  movements,  after  each  impulse  given  by  the 
mallet,  there  can  be  no  fixity.  The  osteotome  ought  not  to 
be  pressed  against  the  bone  transversely  to  its  breadth,  as  it 
is  possible  that  it  may  be  broken  or  twisted  by  so  domg.  The 
bone  itself  may  be  splintered  longitudinally  by  such  pressure. 
In  no  instance  should  the  osteotome  or  chisel  have  a  breadth 
greater  than  the  diameter  of  the  bone  about  to  be  cut,  other- 
wise the  soft  structures  at  either  side  are  apt  to  be  injured." 
{See  also  the  account  of  Macewen's  operation  for  genu  valgum, 
page  567.) 

Comment. — This  operation  should  never  be  attempted 
until  the  surgeon  has  gained  quite  an  extensive  experience 
by  operating  upon  animals'  bones,  which  should  be  quite 
fresh,  and  be  imbedded  upon  a  sand-bag,  and  by  perform- 
ing osteotomies  upon  the  cadaver.     The  manual  dexterity 
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required  is  of  a  special  kind,  and  can  only  be  developed  by 
practice.  The  osteotome  and  mallet  arc  powerful  instru- 
ments, which  demand  the  greatest  precision  and  nicety  in 
their  handling,  and  which  become  most  dangerous  imple- 
ments when  employed  by  those  who  have  taken  no  trouble 
to  acquire  familiarity  with  their  use. 

After  such  a  series  of  experiments  as  has  been  named,  the 
operator  can  divide  a  bone  with  neatness  and  accuracy;  he 
has  learnt  precisely  what  amount  of  force  to  use  and  how  to 
use  it,  and  he  can  follow  the  progress  of  the  buried  chisel  as 
easily  as  if  the  instrument  and  the  bone  were  beneath  his 
eye. 

There  should  be  no  need,  therefore,  to  make  a  larger 
incision  in  the  soft  parts  than  is  required  for  the  mere 
introduction  of  the  osteotome  or  chisel,  and  a  surgeon  would 
do  well  not  to  operate  upon  the  living  subject  until,  by 
careful  practice,  he  has  acquired  confidence  in  himself  and 
in  his  ability  to  operate  through  a  small  incision. 

In  my  opinion  no  tourniquet  or  elastic  band  should  be 
employed  to  render  the  limb  bloodless.  While  Esmarch's 
elastic  compressor  obviously  prevents  any  bleeding  during  the 
actual  operation,  it  is  certain  that  it  induces  a  greater  degree 
of  oozing  when  the  bandage  is  removed  (page  279).  There 
is  no  operation  area  to  be  obscured  by  blood.  The  surgeon 
guides  his  instrument  by  his  touch  and  not  by  his  eyes.  If 
an  artery  should  be  divided  by  accident,  the  sooner  the  injury 
is  discovered  the  better.  The  Esmarch's  band  merely  post- 
pones the  discovery  until  a  larger  and  deeper  wound  has 
probably  been  made,  and  is  of  no  assistance  in  lessening  the 
severity  of  the  lesion. 

Other  things  being  equal,  I  should  say  that  in  osteotomy 
more  blood  will  be  lost  by  the  "  bloodless  method  "  than  by 
an  operation  carried  out  in  a  limb  the  circulation  of  which 
has  been  in  no  way  restrained. 

It  should  be  a  rule  that  the  incision  in  the  soft  parts 
should  be  so  placed  as  to  reach  the  bone  by  the  shortest  and 
safest  route  and  in  the  most  convenient  place,  and  it  should 
be  in  a  line  with  the  section  it  is  proposed  to  make  in  the 
bone.  Dr.  Macewen  makes  the  incision  in  the  soft  parts  at 
right  angles  to  the  line  of  the  incision  on  the  bone,  and 
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introducing  the  osteotome,  turns  it  into  place  after  introduc- 
tion. This  comphcates  matters  a  little,  and  although  it  is  quite 
in  accord  with  the  principles  of  the  subcutaneous  method, 
the  measure  is — with  modern  antiseptic  precautions — un- 
necessary. 

The  osteotome  should,  of  course,  always  be  so  applied  as 
to  cut  from  and  not  towards  the  main  artery,  should  it  be 
near  the  line  of  section.  In  one  or  two  positions  this  is  not 
quite  possible,  e.g.,  so  far  as  concerns  the  upper  tuberosity  of 
the  tibia  and  the  pophteal  artery. 

When  once  the  osteotome  has  cut  into  the  bone,  care 
should  be  taken  that  the  cut  be  not  lost.  If  the  blade  shp 
or  be  removed,  much  time  may  be  wasted  and  no  httle 
damage  done  in  attempting  to  find  again  the  original  cleft  in 
the  bone. 

2.  Linear  Osteotomy  with  the  Saw. 

This  operation  differs  but  little  from  the  last,  except  in 
the  main  element  that  the  saw  is  used  in  the  place  of  the  chisel. 

The  same  care  is  taken  that  the  procedure  is  sub- 
cutaneous, and  that  as  httle  damage  as  possible  is  done  to 
the  soft  parts. 

The  best  situation  for  dividing  the  bone  having  been 
selected,  and  the  part  being  firmly  held,  a  narrow-bladed 
knife  is  passed  through  the  skin  down  to  the  bone.  The 
tissues  are  so  divided  that  the  bone  is  laid  bare  along  the  line 
Avhich  the  saw  must  travel.  The  knife  employed  should  be 
shaped  like  a  tenotome,  must  be  long  enough  to  cover  the 
whole  distance  in  the  case  of  a  deep-seated  bone,  and  the 
cutting  edge  should  not  extend  along  the  whole  length  of  the 
blade.  While  the  knife  is  being  manipulated  in  the  depths 
of  the  limb,  the  non-cutting  part  of  the  blade  should  then 
be  in  contact  with  the  skin.  The  knife  is  employed  to  make 
a  space  for  the  passage  of  the  saw,  and  the  deep  incision 
should  not  be  so  incomplete  that  the  saw  has  to  be  forced 
through  the  tissues.  The  skin  wound  should  be  as  small 
as  possible,  and  should  be  made  at  right  angles  to  the  surface 
to  be  sawn. 

Before  the  tenotome  is  quite  withdrawn  the  saw  should 
be  carefully  introduced  by  the  side  of  it,  so  as  to  reach  the 
part  of  the  bone  which  has  been  incised.    When  the  saw  is 
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in  position,  the  knife  is  withdrawn.  A  suitable  pattern  of  the 
Adams'  saw  is  employed. 

The  saw  must  be  used  with  short  strokes,  and  care  must 
be  taken  that  its  tip  is  not  ruthlessly  thrust  into  the  tissues 
upon  the  opposite  side  of  the  bone. 

Especial  care  should  be  taken  to  see  that  the  saw  is  per- 
fectly clean,  and  that  the  composition  with  which  it  has  been 
brightened  has  been  brushed  out  from  among  the  teeth. 

Comparison  of  the  Two  Methods. 

Of  these  two  methods,  that  of  dividing  the  bone  by  means 
of  an  osteotome  is  undoubtedly  the  better.  The  saw  is  easier 
to  use,  and  carries  with  it  the  comparative  safety  which 
belongs  to  a  .blunt  instrument.  Its  use,  however,  leaves  a 
quantity  of  bone  debris  in  the  depths  of  the  wound,  which, 
while  it  often  appears  to  be  harmless,  may  yet  act  as  irritant 
foreign  matter  and  excite  suppuration.  There  is  considerable 
risk  of  lacerating  the  soft  parts  around  the  bone  with  the  tip 
of  the  saw,  and  also  with  its  blade  as  the  section  is  being 
completed.  As  Dr.  Macewen  jDoints  out,  the  pump-hke 
movement  of  the  saw  is  apt  to  introduce  air  into  the  wound, 
and  to  do  away  with  the  subcutaneous  principle. 

The  osteotome,  or  chisel,  on  the  other  hand,  is  somewhat 
difficult  to  use,  and  while  perfectly  safe  in  the  hands  of  an 
experienced  operator,  is  a  dangerous  weapon  when  used  by  a 
beginner.  The  parts  are  divided  by  a  clean,  fine,  simple  cut. 
The  instrument  is  not  moved  to  and  fro  in  the  hne  of  the 
wound.  There  is  no  bone  debris,  and  there  should  be  no 
laceration  of  soft  parts.  The  instrument  is  powerful  and  of 
wide  apphcation. 

3.  Cuneiform  Osteotomy. 

In  this  form  of  the  operation  a  cuneiform  or  wedge- 
shaped  piece  of  bone  is  removed  to  remedy  an  abnormal  curve 
or  angular  deformity.  It  has  been  applied  in  the  treatment 
of  the  curved  femora  and  tibiae  resulting  from  rickets,  in 
some  cases  of  bony  anchylosis  at  an  unusual  angle,  and  in  a 
few  examples  of  angular  deformity  produced  by  mal-union 
after  fracture. 

The  exact  size  and  shape  of  the  wedge  must  be  carefully 
determined,  and  must  obviously  depend  upon  the  position  and 
extent  of  the  deformity. 
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Fig.  153. — DIAGEAM  TO  SHOW  THE  LINES  OF  THE 
CHISEL  CUTS  IN  CUNEIFOEM  OSTEOTOMY  FOE 
ANGTJLAE  DEFOEMITT  AFTEE  FEACTITEE,  ETC. 


In  general  terms,  it  may  be  said  that  the  sides  of  the 
wedge  should  be  at  right  angles  to  the  axis  of  the  bone 
respectively  above  and  below  the  seat  of  the  operation 
(Figs.  153  and  160).  In  actual  practice,  however,  so  large  a 
wedge-shaped  piece  of  bone  is  very  seldom  removed.  If  the 
curvature  in  the  bone 
be  not  extreme  many 
surgeons  content 
themselves  with  a 
mere  linear  osteotomy, 
leaving  a  gap  between 
the  divided  ends  when 
the  Hmb  has  been 
adjusted,  which  gap 
appears  to  fill  up 
without  comphcation 
(Fig.  159,  c). 

In     the  severer 
kinds  of  deformity  a  wedge  may  be  removed  much  smaller 
than  is  necessary  to  entirely  overcome  the  deviation,  a  gap 
of  moderate  size  being  left  when  the  limb  has  been  brought 
into  its  normal  position  upon  a  splint. 

The  wedge,  moreover,  need  not  extend  through  the  entire 
thickness  of  the  bone.  It  may  involve  possibly  three-fourths 
of  the  diameter  of  the  bone,  the  remaining  fourth  being  bent 
or  broken. 

In  performing  this  operation  a  chisel  will  be  found  in 
most  instances  to  be  more  convenient  than  a  saw. 

In  some  forms  of  bony  anchylosis  of  joints,  however,  the 
saw  may  prove  to  be  the  more  suitable  instrument,  or  both 
saw  and  chisel  may  be  used  together. 

The  incision  in  the  soft  parts  must  of  necessity  be  com- 
paratively large — as  large  at  least  as  the  base  of  the  intended 
wedge.  It  need  be  no  larger,  since  the  skin  can  be  displaced 
in  one  or  other  direction  according  to  the  position  of  the 
chisel. 

As  soon  as  the  bone  is  exposed,  the  periosteum  must  be 
divided  and  carefully  separated  with  the  elevator. 

In  dividing  the  bone  the  chisel  should  be  employed  and 
not  the  osteotome. 
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The  instrument  must  be  so  held  that  the  straight  edge  is 
towards  the  bone  to  the  left,  and  the  bevelled  edge  towards 
the  portion  to  be  removed. 

If  a  large  wedge  has  to  be  removed,  it  should  be  dealt 
with  in  sections.  A  small  wedge-shaped  piece  should  first  be 
taken  out,  and  then  thin  slices  of  bone  should  be  shaved  from 
each  side  of  the  exposed  bone  until  a  cuneiform  cavity  of  the 
desired  size  and  shape  has  been  produced. 

If  an  attempt  be  made  to  remove  a  large  wedge  at  once,  it 
will  be  found  that  the  chisel  is  apt  to  go  awry,  to  incline 
towards  the  straight  edge,  and  in  consequence  an  uncertain 
division  of  the  bony  tissue  is  made. 

There  is  apt  to  be  free  oozing  as  the  cancellous  tissue  is 
bemg  cut  through. 

It  is  not  well  to  attempt  to  prise  out  the  wedge  of  bone 
with  the  chisel.  The  bono  so  treated  is  apt  to  split,  or  the 
chisel  may  be  broken.  The  wedge  can  be  removed  better 
with  forceps  aided  by  an  elevator. 

After  the  bone  has  been  dealt  with,  the  periosteal  flaps 
may  be  brought  together  by  a  few  fine  catgut  sutures.  The 
skin  wound  should  not  be  too  completely  closed,  but  room 
left  for  drainage. 

A  sponge  dusted  with  iodoform,  or  a  pad  of  Tillmann's 
dressing,  forms  the  best  dressmg. 

No  especial  observations  need  be  added  with  reference  to 
cuneiform  osteotomy  performed  with  the  saw. 

The  After-treatment. — The  after-treatment  of  osteotomy 
cases  is  very  simple.  The  case  is  one  of  compound  fracture 
made  in  the  most  favourable  circumstances. 

The  limb  must  be  put  up  in  a  suitable  splint  which  will 
correct  the  deformity,  keep  the  divided  ends  of  the  bones  in 
close  apposition,  and  maintain  the  hmb  at  absolute  rest.  As 
many  of  the  patients  are  children,  the  selection  of  a  proper 
splint  is  a  matter  of  moment. 

The  time  during  which  the  limb  must  be  kept  adjusted 
upon  the  splint  will  correspond  to  the  time  required  for  a 
fracture  of  the  same  bone  to  consolidate.  Indeed,  the  after*- 
treatment  is  essentiaRy  that  observed  in  cases  of  fracture. 

In  the  majority  of  instances  no  sutures  are  needed  for  the 
wound.    They  should  be  avoided  whenever  possible. 
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I  have  always  dressed  my  osteotomy  wounds  with  a  large 
clean  sponge  Avell  dusted  with  iodoform.  This  sponge  is 
bandaged  firmly  over  the  wound  with  a  flannel  bandage.  In 
the  majority  of  cases  this  very  simple  dressing  need  not  be 
removed  until  some  weeks  have  elapsed  and  the  union  of  the 
bone  is  advanced. 

Results. — The  results  of  osteotomy  operations  may  be 
said  to  be  in  every  way  excellent.  Since  the  introduction  of 
the  subcutaneous  method,  since  the  methods  of  operating 
have  been  more  precise,  and  since  the  employment  of 
antiseptic  measures  in  the  treatment  of  the  wound  has  been 
introduced,  the  risk  attending  these  operations  has  been 
reduced  to  an  insignificant  figure.  Indeed,  the  commoner 
osteotomies  may  be  said  to  be  practically  devoid  of  risk.  Dr. 
Macewen  alone  has  pubhshed  a  series  of  330  cases  operated 
on  for  various  deformities  of  the  lower  limbs,  and  among  this 
number  there  was  no  death  as  a  result  of  the  bone  section. 
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CHAPTER  II. 

Osteotomy  for  Faulty  An'chyt.osis  of  the  Hip-Joint. 

This  measure  is  carried  out  in  certain  cases  of  rigid  an- 
chylosis of  the  hip-joint,  resulting  from  disease,  in  which 
the  limb  has  assumed  a  faulty  position,  and  all  milder  methods 
of  treatment  hare  failed.  In  the  most  usual  deformity  the 
thigh  is  flexed,  adducted,  and  a  little  rotated  in.  The  object 
of  the  operation  is  to  bring-  the  limb  straight.  The  possibility 
of  securing-  a  movable'  joint  at  the  same  time  may  or  may 
not  be  contemplated  hy  the  operator. 

A.  Through  the  Neck  of  the  Femur. 

This,  operation  may  be  performed  either  with  the  saw  or 
with  the  osteotome. 

Operation. — 1.  With  the  Saw  {Adams'  Operation). — This 
procedure  is  thiis  descrihed  by  Mr.  W.  Adams : — 

"  The  left  thumb  is  placed  firmly,  so  as  to  compress  the  soft 
tissues  sohdly  against  the  bone,  at  a  point  situated  at  the 
centre'  of  the  top  of  the  great  trochanter  and  the  breadth  of 
one  finger  above  it. 

"  At  this  point  the  narrow-bladed  knife  is  pushed  in  tiU  it 
reaches  the  neck  of  the  femur,  at  a  right  angle  across  the 
front  of  which  it  is  then  carried  (Fig.  154,  a).  The  knife  is 
then  gently  moved  to  cut  a  space  for  the  easy  insertion  of  the 
saw,  which,  traversing  the  course  of  the  knife,  reaches  the 
front  of  the  neck  of  the  femur,  and  gradually  cuts  it  com- 
pletely through.  The  surgeon  cuts  until  he  feels  that  the 
saw  is  free  of  the  bone,  and  movmg  in  the  soft  tissues  only 
behind  the  bone." 

2.  With  the  Osteotome.— The  patient  lies  upon  the  sound 
hip,  and  the  surgeon  stands  to  the  outer  side  of  the  limb. 
An  assistant  steadies  the  thigh  and  pelvis. 

A  longitudinal  incision  about  three-fourths  of  an  inch  in 
length  is  made  just  above  the  great  trochanter,  and  in  the 
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axis  of  the  neck  of  the  bone.  The  knife  is  carried  well 
down  to  the  bone.  The  osteotome  follows  the  knife,  and  on 
reaching  the  femur  is  turned  on  its  axis  so  that  its  cutting 
edge  is  at  right  angles  to  the  axis  of  the  neck. 

A  few  blows  from  the  mallet  will  suffice  to  divide  the 
bone. 

B.  Through  the  Shaft  of  the  Femur  below  the  Tro- 
chanters. 

The  operation  most  usually  carried  out  in  this  situation  is 
that  known  as  Gant's.  Mr.  Gant  per- 
formed the  operation  in  1872  {Lancet, 
Dec,  1872).  Either  the  saAv  or  the  os- 
teotome may  be  employed.  The  latter 
should  be  the  instrument  selected. 

Operation.  —  The  osteotomy  is 
carried  out  precisely  as  in  the  pro- 
cedure just  described. 

The  incision  is  longitudinal,  is 
placed  over  the  outer  aspect  of  the 
femur  and  about  at  the  level  of  the 
lesser  trochanter. 

The  osteotome  is  introduced,  is 
turned  upon  its  axis  in  the  manner 
already  described,  and  the  bone  is 
divided  immediately  below  the  lesser  tro- 
chanter and  in  a  line  at  right  angles  to 
the  shaft  of  the  femur  (Fig.  154,  b). 

Comment. — In  these  situations  the  bone  should  be  divided 
completely.  It  should  not  be  partially  cut  through  and  then 
fractured,  lest  dangerous  splinters  of  bone  be  produced. 
The  assistant  therefore  should  be  careful  how  he  holds  the 
limb,  and  how  he  brings  pressure  to  bear  upon  the  parts 
which  are  being  divided. 

Splinters  of  bone  resulting  from  section  of  the  neck  of 
the  femur  have  been  driven  into  adjacent  arteries,  and  serious 
bleeding  has  resulted  ( Jacobson's  "  Operations  of  Surgery,'' 
page  1388). 

As  to  the  instrument  to  be  used,  reasons  have  been  already 
given  (page  558)  for  preferring  the  osteotome  to  the  saw,  and  to 
operations  in  this  region  the  same  criticisms  apply. 
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Fig.  154.— OSTEOTOMY  FOE 
FAULTY  ANCHYLOSIS  OF 
THE  HIP. 

A,  Intracapsular ;  B,  Ex- 
tracapsular. 
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In  severe  and  old-standing  cases  the  mere  division  of  tlie 
bone  may  possibly  not  suffice  to  correct  the  deformity,  and 
it  may  be  necessary  to  cut  contracted  tendons  or  contracted 
bands  of  fascia.  The  tendons  most  usually  in  need  of 
tenotomy  are  those  of  the  adductor  longus,  rectus,  and 
sartorius. 

In  the  operations  upon  the  neck  of  the  bone  it  is  assumed 
that  the  division  takes  place  within  the  capsule. 

Of  the  two  methods  described — viz.,  that  of  division  of  the 
neck,  and  that  of  division  of  the  shaft — the  latter  may  be  said 
in  general  terms  to  be  the  better.  It  is  certainly  the  simpler 
and  the  easier  operation.  It  has  been  asserted  that  Gant's 
operation  leads  to  more  shortening,  but  the  statement  does 
not  appear  to  be  well  founded,  and  shortening  is  largely  a 
question  of  after-treatment. 

In  Adams'  operation  the  saw  is  apt  to  travel  beyond  the 
neck  and  be  carried  through  some  part  of  the  shaft. 

"  If  the  bone  be  dense,"  writes  Jacobson, "  from  previous 
inflammation,  and  the  section  trenches  upon  the  shaft  instead 
of  going  through  the  neck  only,  the  sawing  may  be  very 
tedious.  Thus  I  have  twice  seen  cases  in  which  this  took 
over  half  an  hour." 

Adams'  operation  is  only  applicable  to  cases  in  which  the 
neck  of  the.  femur  has  remained  unaltered,  e.g.,  in  anchylosis 
after  rheumatic  fever. 

In  many  instances  there  is  practically  no  neck  to  the 
bone,  or  there  is  an  immense  mass  of  thickened  tissue  in 
the  position  of  the  old  capsule,  or  the  head  of  the  femur  has 
been  displaced  upon  the  dorsum. 

After  division  of  the  neck  considerable  deformity  may  stiU 
persist,  owing  to  extreme  contraction  of  the  psoas  and  ihacus 
muscles. 

Volkmann  advised  the  removal  of  a  cuneiform  piece  of 
bone  from  the  shaft  below  the  trochanters,  as  the  best  means 
of  dealing  with  cases  of  anchylosis  of  the  hip  (Cevtralblatt  filr 
Chirurgie,  No.  1,  1874),  but  hnear  osteotomy  has  been  sho^\^l 
to  be  in  every  case  sufficient. 
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Osteotomy  for  Genu  Valgum. 

Anatomical  Points. — In  the  severer  forms  of  genu  valgum 
— and  it  is  in  these  only  that  osteotomy  is  practised — there  is 
a  great  increase  in  the  size  and  depth  of  the  internal  condyle. 
This  is  due — as  has  been  shown  by 
Mickuhcz — to  an  increase  in  the  dia- 
physis  of  the  bone  rather  than  in 
the  epiphysis  (Fig.  155). 

The  position  and  limits  of  the 
lower  epiphysis  of  the  femur  are 
dealt  with  in  the  chapter  on  excision 
of  the  knee.  It  is  only  necessary 
here  to  repeat  that  the  epiphyseal 
line  is  about  on  a  level  with  the 
tubercle  for  the  adductor  magnus 
tendon.  The  trochlear  surface  of  the 
femur  belongs  to  the  epiphysis. 

A  transverse  section  of  the  fe- 
mur about  the  epiphyseal  line  will 
show  that  the  outer  part  of  the  bone 
is  much  more  extensive  than  the 
inner  part,  and  this  disproportion  is 
continued  for  some  Httle  distance 
upwards  in  the  less  expanded  part 
of  the  bone  (Fig.  156).  The  medul- 
lary canal  ceases  some  way  above  the 
point  at  which  the  shaft  of  the  bone  Avidens  out  to  form 
the  condyloid  extremity.  Indeed,  none  of  these  operations 
concern  the  canal. 

The  synovial  membrane  of  the  knee-joint  extends  upwards 
as  a  large  cul-de-sac  above  the  patella  and  beneath  the 
extensor  tendon.    This  cul-de-sac  is  somewhat  triangular,  has 


Fig.  155.— VERTICAL  SECTION  OF 
THE  LOWER  END  OF  A  DE- 
FORMED FEMUR,  FROM  AN 
EXTREME  CASE  OF  GENU 
VALGUM. 

A,  Line  of  epiphysis ;  B,  Trans- 
verse line  drawn  at  level  of 
adductor  tubercle ;  C,  Line 
of  Maoewen's  operation. 
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its  base  at  tlie  condyles  and  its  narrowest  part  uppermost, 
and  reaches  a  point  an  inch  or  more  above  the  upper  margin 
of  the  trochlear  surface  of  the  femur. 

When  the  knee  is  bent,  the  cul-de-sac  is  drawn  down. 
Above  the  synovial  pouch  is  a  bursa,  which  lies  upon  the 
bone  and  measures  about  one  inch  vertically.    This  bursa 

communicates  with  the  knee- 
joint  in  about  seven  cases  out 
of  ten. 

In  certain  of  these  operations 
the  position  of  the  anastomotica 
magna  artery  must  be  borne  in 
mind. 

The  following  operations  will 
be  described : — 

1.  Osteotomy  of  the  shaft  of 
the  femur  from  the  outer  side. 

2.  Macewen's  supra-condyloid 
operation. 

8.  Ogston's  operation  by  dividing  the  internal  condyle. 
1.  Osteotomy  of  the  Shaft  of  the  Femur  from  the  Outer 
Side. 

Operation. — The  patient  lies  upon  the  back,  with  the  knee 
flexed  over  a  sand-bag,  upon  which  the  limb  is  made  to  rest 
securely.  The  surgeon  should  stand  to  the  inner  side  of  the 
limb,  i.e.,  between  the  patient's  legs.  An  assistant  standing 
opposite  to  him  steadies  the  limb. 

The  thigh  being  adducted  so  as  to  well  expose  the  outer 
surface  to  the  operator  (as  he  stands  to  the  inner  side  of  the 
knee-jo'int),  an  incision  about  one  inch  in  length  is  carried 
down  to  the  bone  at  a  point  about  two  inches  above  the 
external  condyle.  The  incision  is  made  upon  the  outer  side 
of  the  thigh,  is  transverse — i.e.,  at  right  angles  to  the  long  axis 
of  the  femur — and  may  be  made  in  one  cut.  The  knife  passes 
through  the  ilio-tibial  process  of  the  fascia  lata,  and  runs  in 
front  of  the  biceps  muscle. 

When  the  knife  is  withdrawn,  the  osteotome  is  inserted, 
and  the  limb — no  longer  adducted — is  firmly  planted  upon 
the  sand-bag.  The  osteotome  is  made  to  traverse  the  shaft 
transversely.    As  the  outer  part  of  the  bone  is  here  thicker 


Fig.  156.— TBAN8VEKSE  SECTION  OF 
THE  FEMUR  ABOUT  THE  LEVEL  OF 
THE  EPIPHYSEAL  LINE,  SHOWING 
THE  TBIANOULAE  OUTLINE  OF  THE 
BONE. 


A,  P,  E,  I,  A  iterior,  posterior,  exter- 
nal, an  1  internal  surfaces. 
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than  the  inner  part,  it  will  be  found  that  when  two-thirds  of 
the  shaft  have  been  divided  the  bone  can  usually  be  readily- 
fractured.  It  is  essential  that  the  division  be  extensive 
enough,  and  that  no  premature  and  violent  attempts  be  made 
to  complete  the  division  of  the  bone. 

Comment. — This  operation  is  simple,  although  the  position 
of  the  surgeon  is  a  httle  inconvenient. 

The  bone  is  divided  at  a  much  narrower  part  than  in  the 
supra-condyloid  operation  next  to  be  described ;  tlie  osteotomy- 
is  therefore  easier  and  more  quickly  performed. 

There  is  no  danger  of  the  chisel  wandering  into  the  wide 
expanse  of  bone  which  makes  up  the  external  condyle 

The  bone  section  is  far  removed  from  the  epiphyseal  line, 
and  is  also  at  a  distance  from  the  synovial  .sac  of  the  knee- 
I'oint. 

No  blood-vessels  of  any  importance  come  in  the  line  of  the 
incision. 

2.  Macewen's  Supra-condyloid  Operation. 

Operation. — The  patient  lies  upon  the  back,  close  to  the 
edge  of  the  table.  Both  hip  and  knee  are  flexed  ;  the  thigh 
is  abducted  and  rests  upon  its  outer  sida  The  Imee  is  well 
fixed  upon  the  sand-piUow.  The  surgeon  places  himself  upon 
the  outer  side  of  the  Hmb.  One  assistant,  standing  upon  the 
opposite  side  of  the  table  to  the  operator,  steadies  the  limb  by 
the  thigh,  while  a  second  assistant  at  the  foot  of  the  table 
takes  hold  of  the  upper  part  of  the  leg. 

The  following  is  Macewen's  description  (Heath's  "Dic- 
tionary of  Surgery,"  vol  il,  page  143) : — 

"  A  sharp-pointed  scalpel  is  introduced  on  the  inside  of 
the  thigh,  at  a  point  where  the  two  following  lines  meet — one 
drawn  transversely,  a  finger's-breadth  above  the  superior  tip 
of  the  external  condyle,  and  a  longitudinal  one  drawn  half  an 
inch  in  front  of  the  adductor  magnus  tendon.  The  .scalpel  here 
penetrates  at  once  to  the  bone,  and  a  longitudinal  incision 
(a,  Fig.  157)  is  made,  sufficient  to  admit  the  largest  osteotome 
and  the  finger,  should  the  surgeon  deem  it  necessary.  Before 
withdrawing  the  scalpel,  the  largest  osteotome  is  slipped  by  its 
side  until  it  reaches  the  bone. 

"  The  scalpel  is  withdrawn,  and  the  osteotome,  which  was 
introduced  longitudinally,  is  now   turned   transversely  in 
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the  direction  required  for  the  osseous  incision  (b,  Fig.  157). 
In  turning  the  osteotome,  too  nuich  pressure  must  not  be 
exerted,  lest  the  periosteum  be  scraped  off.  It  is  then  con- 
venient to  pass  the  edge  of  the  osteotome  over  the  bone 
until  it  reaches  the  posterior  internal  border,  when  the  entire 

cutting  edge  of  the  osteotome  is  ap- 
plied, and  the  instrument  is  made  to 
penetrate  from  behind  forwards,  and 
towards  the  outer  side. 

"After  completing  the  incision  in 
that  direction,  the  osteotome  is  made 
to  traverse  the  inner  side  of  the  bone, 
cutting  it  as  it  proceeds,  until  it  has 
divided  the  uppermost  part  of  the  in- 
ternal border,  when  it  is  directed  from 
before  backward  towards  the  outer  pos- 
terior angle  of  the  fenuir. 

"  In  cutting  on  these  lines  there  is 
no  fear  of  injuring  the  femoral  artery. 
The  bone  may  be  divided  without 
paying  heed  to  this  order  of  procedure, 
but  it  is  better  that  the  operator  should 
have  a  definite  plan  in  his  mind,  so 
that  he  may  be  certain  as  to  what  has 
been  divided  and  what  remains  to  be  done.  The  writer  is 
persuaded  that  accidents  have  happened  by  not  paying  heed 
to  this.  In  using  the  osteotome,  the  left  hand,  in  which  it  is 
grasped,  ought  to  give,  after  each  impulse  supplied  by  the 
mallet,  a  shght  movement  to  the  blade — not  transversely  to 
its  axis,  but  longitudinally— so  as  to  prevent  any  disposition 
to  fixity  which  it  might  assume. 

"  After  the  inner  portion  of  the  bone  is  divided,  a  finer 
instrument  may  be  slipped  over  the  first,  which  is  then  with- 
drawn ;  and  even  a  third,  if  necessary,  may  take  the  place  of 
the  second  when  the  outer  portion  of  the  bone  comes  to  be 
divided.  Whether  one  or  more  osteotomes  be  used  depends 
much  on  the  resistance  met  with.  If  the  tissue  is  yielding, 
one  may  suffice ;  if  hard  or  brittle,  two  or  three  will  effect  the 
division  more  easily  and  with  less  risk  of  breaking  or  splitting 
the  bone  longitudinally.    In  the  adult  the  dense  circum- 
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Fig.     157.  —  macewen's 

OPERATION  FOE  OENU 
VALGUM. 

A,  Skill  incision  ;  B,  Osteo- 
tome incision  ;  c,  Epi- 
physeal line ;  D,  Inner 
condyle. 
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ferential  layer  of  bone  resists  the  entrance  of  the  osteotome 
at  the  outset,  but  several  strokes  cause  the  instrument  to 
penetrate  this  superficial  dense  portion,  when  it  will  pass 
easily  through  the  cancellated  tissue. 

"  After  a  little  experience,  the  surgeon  recognises,  by  touch 
and  sound,  Avhen  the  osteotome  meets  the  hard  layer  on  the 
outer  aspect  of  the  bone.  If  it  be  considered  desirable  to  notch 
or  penetrate  this  outer  dense  part  of  the  bone,  in  doing  so 
the  osteotome  ought  to  be  grasped  firnlly  by  the  left  hand, 
the  inner  border  of  the  hand  resting  on  the  hmb,  so  as  to 
check  instantly  any  impetus  which  may  be  considered  too  great. 
It  is  better  to  snap  or  bend  this  layer  rather  than  cut  it. 

"  When  the  instrument  is  to  be  altered  in  position,  it  ought 
not  to  be  pulled  out  in  the  ordinary  way,  as  it  is  then  liable  to 
be  removed  from  the  wound  in  the  soft  parts,  as  well  as  from  the 
bone.  Instead,  let  the  left  hand,  with  its  inner  border  resting 
on  the  limb,  gi-asp  the  instrument,  while  the  thumb  is  pressed 
under  the  ridge  afforded  by  the  rounded  head,  and  gently 
lever  the  osteotome  outwards  by  an  extension  movement 
of  the  thumb.  In  this  way  the  movement  may  be 
regulated  with  precision.  It  is  desirable  to  complete  all  the 
work  intended  by  the  osteotome  before  removing  it  from  the 
wound. 

"  When  the  operator  thinks  that  the  bone  has  been 
sufficiently  divided,  the  osteotome  is  laid  aside  and  a  sponge 
saturated  in  1-40  carbolised  watery  solution  is  placed  over  the 
wound.  While  the  surgeon  holds  the  sponge,  he  at  the  same 
time  employs  that  hand  as  a  fulcrum;  with  the  other  he 
gi'asps  the  limb  lower  down,  using  it  as  a  lever,  and  jerks  if 
the  bone  be  hard,  or  bends  slowly  if  the  bone  be  soft,  in  an 
inward  direction,  when  the  bone  will  snap  or  bend  as  the 
case  may  be." 

Neither  sutures  nor  drainage-tubes  are  required. 

For  the  after-treatment,  see  previous  chapters. 

Comment. — The  highest  part  of  the  articular  surface  of 
the  femur  is  a  good  guide  to  the  level  of  the  lowest  part  of 
the  incision. 

Great  care  must  be  taken  that  the  line  of  the  bone- 
incision  is  appreciated  and  accurately  followed. 

In  normal  limbs — as  Dr.  Macewen  points  out — a  line 
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drawn  transversely  across  the  bone  from  the  adductor 
tubercle  will  pass  into  the  middle  of  the  external  condyle, 
whereas  in  the  femur  in  a  case  of  severe  genu  valgum  such  a 
line  would  pass  into  the  upper  part  of  that  condyle  (b,  Fig. 
155).  If  the  osteotome  be  not  carefully  directed,  it  is  apt  to  land 
in  the  wide  tract  of  bony  tissue  forming  the  outer  condyle. 

Again  Dr.  Macewen  writes :  "  For  a  short  distance  above 
the  condyles  the  femur  has  a  much  thicker  outer  than  inner 
border ;  in  many  instances  the  outer  is  twice  as  thick  as  the 
inner. 

"  If  the  form  of  the  bone  be  not  borne  in  mind,  the  surgeon 
may  think  that  he  has  divided  it  sufficiently,  and  yet  he  may 
find  that  it  will  not  yield,  owing,  in  most  cases,  to  the  posterior 
outer  part  remaining  intact." 

In  young  subjects  up  to  fifteen  or  sixteen,  the  division  of 
the  internal  two-thirds  of  the  bone  will  usually  suffice,  the 
remainder  being  broken  ;  but  in  adults,  especially  when  the 
bone  is  hard  and  brittle,  the  section  should  be  more  complete, 
and  as  Httle  fracturing  should  be  attempted  as  is  possible. 

In  children  one  osteotome  will  suffice  for  the  division  of 
the  bone. 

If  care  be  not  exercised,  it  is  possible  for  the  femur  to  be 
split  longitudinally. 

The  incision  employed  is  above  the  level  of  the  articular 
ligaments. 

The  cut  in  the  soft  parts  may  be  made  transversely,  and 
be  so  placed  as  to  correspond  to  the  intended  bone  incision.  By 
this  means  the  osteotome  is  more  readily  introduced  and  more 
easily  re-inserted  should  it  be  accidentally  removed  during  the 
operation.  The  transverse  incision  spares  the  soft  parts  from 
a  certain  amount  of  bruisinsf  and  disturbance,  but  it  does  not 
favour  so  complete  a  subcutaneous  method. 

Although  the  synovial  pouch  of  the  knee-joint  reaches  as 
high  as  the  level  of  the  bone  incision,  it  is  not  in  the  way  of 
the  actual  wound  itself,  since  it  tapers  to  the  middle  line  as  it 
ascends.  A  certain  amount  of  fat  intervenes  between  the 
synovial  pouch  and  the  bone,  and  the  osteotomy  cut  is 
posterior  to  the  pouch. 

There  is  but  Httle  bleeding.  The  femoral  artery  cannot  be 
in  danger.    If  the  knee  be  well  flexed,  the  popliteal  vessels  aie 
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placed  as  far  as  possible  away  from  the  operation  area.  The 
wound  is  above  the  superior  internal  articular  artery,  and 
below  and  anterior  to  the  anastomotica  magna.  Bleeding 
from  this  A'essel  has,  however,  been  reported  as  occurring 
during  the  operation. 

In  makino-  the  surface-wound,  branches  of  the  internal 
cutaneous  nerve  can  scarcely  be  avoided,  and  some  tributaries 
to  the  internal  saphenous  vein  may  be  cut.  The  incision  is 
anterior  to  the  inner  series  of  tendons  about  the  knee,  and  the 
least  amount  of  injury  is  inflicted  upon  the  soft  parts,  so  far 
as  actual  cutting  is  concerned,  when  the  incision  is  longi- 
tudinal, as  described  in  the  account  of  the  operation. 

The  comparative  value  of  Macewen's  operation  will  be 
considered  in  commenting  upon  the  next  procedure. 

3.  Ogston's  Operation  by  dividing-  the  Internal  Con- 
dyle. 

Operation. — The  patient  is  supine.  The  hip  and  knee  are 
flexed  (the  latter  fully  flexed),  and  the  sole  of  the  foot  rests 
upon  the  table.  The  knee-joint  is  supported  upon  a  sand 
pillow.  The  surgeon  stands  in  every  case  on  the  left  side  of 
the  patient,  and  steadies  the  limb  with  his  left  hand.  One  or 
more  assistants  hold  the  extremity  and  fix  it  in  position. 

A  point  is  selected  on  the  anterior  and  inner  aspect  of  the 
femur,  about  an  inch  above  the  upper  limit  of  the  articular 
surface  of  the  femm*.  A  long  tenotome  is  here  introduced 
flatly,  and  is  pushed  downwards,  forwards  and  outwards,  until 
the  point  is  felt  in  the  inter-condyloid  space.  The  cutting 
edge  of  the  tenotome  is  now  turned  towards  the  femur,  and  as 
the  instrument  is  withdrawn  the  tissues  in  the  line  of  the  deep 
incision  are  divided  down  to  the  bone. 

An  Adams'  saw  is  noAv  thrust  along  the  track  made  by  the 
tenotome,  and  should  point  directly  towards  the  crucial 
ligaments.  If  the  pateUa  can  be  displaced  suflicicntly  out- 
wards, the  point  of  the  saw  may  be  felt  in  the  inter-condyloid 
groove. 

The  internal  condyle  is  now  sawn  through  from  above 
downwards,  and  from  before  backwards,  and  when  nearly 
severed  the  saw  is  withdrawn,  the  wound  covered  by  a  carbol- 
ised  sponge,  and  the  separation  of  the  condyle  completed  by 
drawing  the  extended  leg  forcibly  inwards.    The  loose  condyle 


572 


OPERATIVE  SURGERY. 


can  then  be  felt  to  be  displaced  upwards  over  the  sawn  surface 
of  the  femur  (Fig.  158). 

Neither  drainage-tube  nor  sutures  are  required. 

The  operation  has  been  performed  by  the  chisel  instead  of 
by  the  saw. 

No  vessels  of  any  magnitude  ought  to  be  wounded,  but 
there  may  be  considerable  oozing  from  the  cut  surface  of  the 

bone.  Very  great  care  must  be  taken 
that  the  saw  does  not  travel  into  the 
poj)liteal  space. 

Comment. — This  operation  has  been 
practically  abandoned  in  favour  of  one 
of  the  two  other  methods  described. 
Indeed,  Professor  Ogston  himself  has 
expressed  a  preference  for  Macewen's 
operation  in  the  place  of  the  procedure 
known  by  his  name. 

The  objections  to  Ogston's  operation, 
when  compared  with  the  two  other 
methods,  are  these :  The  joint  is  opened 
up,  the  synovial  membrane  is  torn,  and 
both  blood  and  bone-dust  can  find 
their  way  into  the  articular  cavity.  Synovitis  and  stiffness  of 
the  joint  may  therefore  result.  The  posterior  crucial  ligament 
is  damaged  by  the  saw,  the  epiphyseal  line  is  cut  through, 
and  a  very  large  section  of  cancellous  bone  is  produced. 

In  the  other  operations  the  joint  is  not  opened,  the  wound 
is  free  from  bone-dust,  no  ligaments  are  interfered  with,  the 
epiphysis  is  not  encroached  upon,  and  the  bone  section 
involves  a  comparatively  small  area. 

With  regard  to  the  first  tAvo  operations  described — viz., 
osteotomy  of  the  shaft  and  Macewen's  operation — the  points 
which  have  been  urged  in  favour  of  the  former  procedure  have 
been  detailed  in  the  comment  made  upon  that  measure.  The 
special  advantages  which  are  claimed  for  the  supra-condyloid 
osteotomy  are  these : — The  bone  is  divided  nearer  to  the 
seat  of  the  deformity,  and  the  sections  of  bone  left  by  the 
osteotome  are  sufficiently  wide  to  allow  of  their  being  brought 
well  together  and  kept  in  safe  contact  during  the  progress  ot 
the  after-treatment. 


Fig.  158.— ogston's  OPERA- 
TION FOE  GENU  VALGUM. 
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Osteotomy  for  Faulty  Anchylosis  of  the  Knee-Joint. 

This  operation  is  carried  out  in  cases  of  angular  anchylosis 
of  the  knee  in  which  the  deformity  is  considerable,  in  which  a 
less  complete  measure  would  be  ineffectual,  and  m  which  no 
active  disease  is  present. 

Operation. — The  femur  is  divided  at  the  same  level  and  in 
the  same  manner  as  in  Macewen's  operation.  The  osteotome, 
however,  is  made  to  divide  the  anterior  part  of  the  bone  in  its 
entire  breadth,  and  is  so  manipulated  that  the  posterior 
lamin£e  of  the  femur  are  alone  left  unsevered.  When  this  has 
been  effected,  the  bone  is  straightened  from  behind  forwards, 
the  remaining  part  of  the  osseous  tissue  giving  way  under  the 
gradual  pressure  apphed. 

Great  care  must  be  taken  that  the  osteotome  is  not  driven 
through  the  bone  into  the  popliteal  space. 

The  limb  is  adjusted  as  for  fractured  femur,  and  is  most 
conveniently  placed  upon  a  Macintyre's  splint. 

It  will  seldom  be  safe  or  possible  for  the  fully-extended 
position  to  be  assumed  at  once.  The  limb  is  therefore  put 
up  in  the  posture  of  slight  flexion. 

Comment. — If  the  deformity  be  such  that  the  femur  and 
tibia  form  nearly  a  right  angle  with  one  another,  then  it  is 
improbable  that  mere  linear  osteotomy  of  the  femur  will  suffice 
to  correct  the  deviation. 

In  such  a  case  it  may  be  necessary  to  remove  a  wedge 
from  the  anterior  surface  of  the  femur,  or  to  carry  out  a  double 
linear  osteotomy — as  MaccAven  advises — viz.,  the  division  of 
the  femur  as  above  described,  and  a  division  of  the  tibia  just 
below  its  tuberosities  (page  515). 

In  these  cases  of  extreme  deformity  great  care  must  be 
taken  in  extending  the  limb  after  the  operation.    The  tissues 
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of  the  popliteal  region  will  be  much  contracted,  and  a  gradual 
straightening  of  the  limb,  extending  over  a  week  or  more,  and 
associated  possibly  with  the  division  of  certain  tendons  and 
bands  of  fascia,  will  be  advisable.  In  general  terms,  it  may  be 
said  that  the  linib  may  be  extended  with  safety  so  long  as  the 
tibial  arteries  pulsate  freely  at  the  ankle. 
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CHAPTEE  V. 
Osteotomy  of  the  Tibia. 

Under  this  title  three  operations  will  be  described : — 

1.  Linear  osteotomy  just  below  the  tuberosities. 

2.  Linear  osteotomy  for  bent  tibia. 

3.  Cuneiform  osteotomy  for  bent  tibia. 

1.  Osteotomy  of  the  Tibia  just  below  the  Tuberosities. 

This  oj)eration  is  carried  out  m  the  treatment  of  exceptional 
cases  of  faulty  anchylosis  of  the  knee-joint,  as  mentioned  in 
the  previous  chapter. 

Operation. — The  leg  is  firmly  fixed  upon  the  sand-pillow 
with  the  anterior  surface  well  exposed.  In  every  case  the 
surgeon  stands  to  the  outer  side  of  the  limb  to  be  dealt 
with. 

A  spot  is  selected  just  below  the  tubercle  of  the  tibia,  and 
a  transverse  incision  of  the  necessary  width  is  made  over  the 
anterior  tibial  border.  The  osteotome  is  mtroduced  and  the 
bone  divided  transversely. 

The  instrument  attacks  first  the  anterior  aspect  of  the 
bone,  and  then  follows  the  internal  surface  until  the  posterior 
aspect  is  reached.  The  inner  segment  of  the  bone  having 
been  thus  divided  from  before  backwards,  the  instrument  is 
now  so  directed  as  to  cut  from  within  outwards.  In  this  way 
all  the  bone  may  be  divided  with  the  exception  of  its  posterior 
lamellae,  which  are  fractured  by  pressure  applied  in  the 
antero-posterior  plane. 

Great  care  must  be  taken  of  the  tissues  which  skirt  the 
external  surface  of  the  tibia. 

The  great  vessels  at  the  back  of  the  limb  are  well  protected 
by  the  popliteus  muscle  and  the  fascia  which  covers  it, 
although  in  cases  of  long-standing  anchylosis  the  muscle  Avill 
be  much  atrophied. 

The  fibula  does  not  require  to  be  divided. 
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2.  Linear  Osteotomy  for  Bent  Tibia. 

This  operation  will  suffice  for  the  larger  proportion  of  cases 
of  bent  tibia.  Mr.  Jacobson  considers  it  to  be  especially- 
applicable  to  cases  in  which  the  bone  is  bent  laterally,  and  in 
which  the  bend  is  most  marked  at  the  junction  of  the  middle 
and  lower  thirds. 

The  section  of  the  bone  is  most  usually  transverse  (Fig. 
159). 

Mr.  Barker  advises  an  oblique  division  of  the  bone.  The 
plane  of  the  oblique  line  of  section  must  vary  with  the 
direction  of  the  tibial  curve.  If  convex  inwards,  the  bone  is 
divided  from  above  downwards,  and  from  before  backwards ; 
if  curved  forwards,  the  plane  of  section  should  be  from  above 
downwards,  and  from  within  outAvards.  It  is  maintained 
that  these  lines  of  section  permit  the  deformity  to  be  cor- 
rected with  the  least  possible  displacement  of  the  fractured 
surfaces. 

Operation. — 1.  If  the  osteotome  be  employed,  the  pro- 
cedure is  carried  out  in  the  manner  already  described,  the 
situation  of  the  incision  depending  upon  the  position  of  the 
bone  section.  The  site  of  the  nutrient  canal  of  the  tibia  with 
its  large  blood-vessel  must  be  borne  in  mind.  In  aU  but  very 
exceptional  instances,  the  bone  section  will  be  found  to  be 
below  the  site  of  the  canal.  The  nutrient  artery  runs  down- 
wards in  the  bone. 

2.  If  the  saw  be  employed,  the  operation  may  be  carried 
out  as  described  by  Mr.  Jacobson : — 

"  The  parts  being  cleansed,  and  the  limb  resting  on  its 
outer  side  on  a  firm  sand-bag,  the  surgeon  notes,  at  the 
anterior  and  inner  margins  of  the  tibia,  the  spot  where  the 
curve  is  sharpest.  Fixing  his  left  index  over  the  inner 
margin,  he  enters  a  long  tenotome  or  narrow  bistour}'-  exactly 
over  the  crest  of  the  tibia,  sends  it  down  under  the  skin,  over 
the  inner  surface  of  the  bone,  till  its  point  is  felt  just  beneath 
the  finger;  it  is  here  pushed  through  the  skin  to  make  a 
counter-puncture  for  drainage.  The  knife,  hitherto  held 
horizontally,  is  now  turned  vertically,  and  cuts  firmly  on  the 
bone,  dividing  the  periosteum — thick  in  these  cases — in  one 
line  right  across  the  inner  surface  of  the  tibia.  As  the  knife 
is  withdrawn,  it  is  made  to  enlarge  the  wound  of  entrance 
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slightly,  to  make  room  for  the  saw.  This  (Adams')  is  now 
introduced  in  the  same  way  as  the  knife,  carried  horizontally 
down  to,  but  not  through,  the  puncture  through  the  skin  on 
the  inner  border  of  the  tibia.  The  left  index  keepuig  guard 
at  this  spot,  the  saw  is  turned  towards  the  bone,  and  cuts 
through  the  inner  two-thirds  of  it.  The  entrance  of  the  saw 
into  cancellous  tissue  can  be  known  by  the  diminution  of 


Fig.  159. — Diagram  representing  a  curved  fibia — A,  With  a  wedge  removed  far  the 
purpose  of  straightening  the  bone ;  B,  The  same  with  the  bone  straightened ;  C, 
The  same  with  the  bone  simply  divided  and  straightened.    {Modified from  Little.) 

resistance  and  the  increased  bleeding  which  often  occurs ;  but 
the  best  test  of  the  depth  to  which  the  operator  has  arrived 
is  the  depth  of  the  groove  in  which  the  saw  has  sunk. 

"When  the  bone  is  sawn  sufficiently,  carbolised  lint  is 
placed  on  the  wound,  and  the  surgeon,  firmly  placing  his  two 
hands  close  together,  immediately  above  and  below  the 
wound,  sharply  carries  the  lower  fragment  outwards. 

"  If  the  saw  has  been  sufficiently  used,  the  tibia  snaps 
distinctly,  and  the  fibula  yields  with  a  '  green-stick '  sen- 
sation. Great  care  must  be  taken  to  exert  the  force  just  on 
the  sawn  portion,  or  the  ligaments  of  the  ankle  or  superior 
tibio-fibular  joint  maybe  strained  and  damaged.  ...  A 
•  horsehair  drain  should  be  inserted." 

L  L 
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Comment— Of  these  two  methods,  the  former  should  be 
selected  whenever  possible,  for  the  reasons  which  have  been 
already  given  (page  558). 
/  3.  Cuneiform  Osteotomy  for  Bent  Tibia. 

This  operation  is  carried  out  in  the 
manner  already  described  (page  558).  The 
base  of  the  wedge  will  usually  correspond 
to  the  crest  of  the  tibia  (Fig.  160),  and  will 
measure  about  three-quarters  of  an  inch  in 
breadth. 

OSTEOTOMY  FOR  HALLUX  VALGUS. 

In  aggravated  cases  of  hallux  valgus 
the  condition  may  be  remedied  by  the  follow- 
ing simple  operation,  described  by  Mr.  Barker 
("  Manual  of  Surgical  Operations,"  page  99). 
The  originator  of  the  operation  was  a  student 
of  University  College  Hospital. 

Operation.— The  patient  lies  upon  the 
affected  side ;  the  foot  is  supported  upon  a 
sand-pillow,  and  is  firmly  held  with  its  inner 
border  turned  upwards. 

"  The  head  of  the  metatarsal  bone  of 
the  great  toe  is  defined  by  feeling  with  the 
fingers,  and  an  incision  about  an  inch  long  is 
made  on  its  inner  side,  commencing  over  the 
margin  of  the  cartilage,  and  dividing  everything  down  to  the 
periosteum,  to  the  full  extent  of  the  incision.  Through  the 
latter  the  chisel  is  inserted,  and  then  turned,  so  that  its  edge 
shall  be  across  the  neck  of  the  bone,  at  a  point  about  half  an 
inch  from  the  head.  A  few  strokes  of  the  mallet  will  now 
divide  the  bone  almost  through,  the  remainder  being  left  for 
forcible  fracture.  The  chisel  is  then  withdrawn,  while  a 
sponge  is  pressed  round  its  blade,  and  with  the  sponge  still 
pressed  tightly  on  the  wound,  the  toe  is  forcibly  brought 
inwards  into  a  straight  line.  A  slight  antiseptic  dressing, 
covered  by  a  straight  splint  for  the  inside  of  the  foot,  to 
which  the  toe  is  secured,  completes  the  procedure.  If  there 
be  any  difliculty  in  bringing  the  toe  into  a  straight  Ime,  a 
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small  wedge  may  be  removed  from  the  bone,  instead  of  its 
simple  section,  after  which  the  difficulty  will  disappear." 

Comment. — No  structures  of  importance  are  divided,  and 
no  sutures  are  necessary. 

Excision  of  the  metatarso-phalangeal  joint  has  been  per- 
formed for  the  relief  of  hallux  valgus,  but  the  operation  is 
needlessly  severe,  and  is  in  every  way  inferior  to  the  measure 
just  described. 


L  L  2 
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CHAPTER  VI. 

Cuneiform  Osteotomy  for  Inveterate  Club-Foot. 

In  this  operation  a  wedge-shaped  piece  of  bone  is  removed 
from  the  outer  side  of  the  foot  at  the  site  of  the  medio-tarsal 
joint. 

The  cases  selected  for  this  method  of  treatment  are  ex- 
amples of  very  extreme  and  intractable  club-foot,  which  have 
resisted  treatment  by  tenotomy,  manipulation  and  apparatus, 
which  are  associated  with  distinct  changes  in  the  shapes  of 
the  tarsal  bones,  and  in  which  it  is  evident  that  no  step  short 
of  the  removal  of  osseous  tissue  can  alter  the  shape  of  the  foot. 

The  rudiment  of  the  present  operation  dates  from  1854,  in 
which  year  Dr.  Little  suggested  the  excision  of  the  cuboid  in 
severe  talipes  equino-varus,  and  Mr.  Solly  performed  the 
actual  operation  involving  the  removal  of  that  bone  {Med.- 
Chir.  Tmnf^.,  1857,  page  118).  Mr.  Davies-Colley  removed  a 
wedge-shaped  piece  of  the  tarsus  in  1878,  but  with  Mr.  Davy 
must  rest  the  credit  of  having  formulated  the  present  opera- 
tion, and  of  having  illustrated  it  by  a  number  of  cases  {Med.- 
Chir.  Trans.,  1885,  page  139). 

The  Size  of  the  Wedge. — The  dimensions  of  the  portion  of 
bone  removed  must,  of  necessity,  depend  upon  the  degree  of 
the  deformity.  In  talipes  equino-varus  the  base  of  the  wedge 
is  at  the  outer  side  of  the  foot,  and  is  mainly  represented  by 
the  cuboid  ;  the  apex  will  be  at  the  scaphoid  bone,  the  distal 
side  of  the  wedge  will  be  represented  by  a  line  at  right  angles 
to  the  metatarsal  bones,  and  the  proximal  side  by  a  line  at 
right  angles  to  the  long  axis  of  the  os  calcis. 

In  some  instances  the  wedge  is  composed  of  portions  of 
the  astragalus,  os  calcis,  scaphoid,  and  cuboid — the  last-named 
bone  predominating.  In  rarer  cases  it  is  found  to  contain 
portions  of  every  one  of  the  tarsal  bones,  and  the  bases  of  the 
four  outer  metatarsal  bones  also.    The  wedge  has  by  some 
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surgeons,  notably  by  Mr.  Lund,  "been  made  to  include  the 
astragalus  only. 

In  talipes  equinus  the  base  of  the  wedge  is  on  the  dorsum 
of  the  foot  and  its  apex  in  the  sole.  The  bones  represented 
in  the  wedge  are  portions  of  the  os  calcis,  astragalus,  scaphoid, 
and  cuboid ;  and,  in  severe  cases,  portions  of  the  bones  anterior 
to  the  two  last-named  may  find  their  way  into  the  wedge. 

In  removing  a  wedge  of  ordinary  dimensions  no  important 
muscular  attachments  are  concerned.  Slips  from  the  tibialis 
posticus  will  have  to  be  severed,  and  the  origin  of  the  flexor 
brevis  hallucis  detached  from  the  cuboid.  The  latter  muscle 
will  probably  be  represented  by  atrophied  tissue. 

OPERATION  FOR  TALIPES  EQUINO-VARUS. 

The  patient  is  placed  upon  the  back,  with  the  hip  and 
knee  a  little  flexed,  and  the  sole  of  the  foot  resting  upon  a 
sand-pillow  on  the  table.  The  surgeon  stands  to  the  outer 
side  of  the  limb,  and  an  assistant  opposite  to  him  grasps  the 
foot  and  leg,  and  steadies  the  extremity  or  moves  it  as  re- 
quired.   The  operation  is  usually  carried  out  as  follows : — 

The  outer  surface  of  the  foot  having  been  well  exposed, 
and  the  cuboid  defined,  an  oval  piece  of  skin  is  excised  from 
the  outer  side  of  the  foot  over  that  bone.  The  long  axis  of 
the  oval  will  be  in  the  long  axis  of  the  foot,  and  will  be  equal 
in  extent  to  the  base  of  the  wedge  of  bone  to  be  removed. 
This  piece  of  skin  Avill  include  the  mass  of  thickened  epi- 
dermis and  the  bursa  which  are  usually  found  over  the  cuboid. 

The  inner  side  of  the  foot  is  now  exposed,  and  at  the 
"  stereotyped  crease  of  skin,"  and  in  a  line  over  the  astragalo- 
scaphoid  joint,  a  vertical  cut  is  made  (from  dorsum  to  sole) 
of  sufficient  length  to  include  the  thickness  of  the  scaphoid 
bone.  At  this  incision  will  fall  the  apex  of  the  wedge  ;  its 
base  is  represented  by  the  part  from  which  the  skin  has  been 
already  removed. 

The  foot  is  now  firmly  fixed  so  as  to  bring  the  dorsum 
well  into  view,  and  with  an  elevator  the  tendons  and  all 
the  soft  parts  are  raised  from  the  dorsum  of  the  tarsus.  The 
elevator  is  mtroduced  through  the  outer  incision,  and  the 
surgeon  works  from  without  inwards.  The  instrument  nuist 
be  kept  close  to  the  bone,  and  the  area  to  be  represented  by 
the  wedge  must  be  laid  entirely  bare. 
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A  curved  director  or  a  slender  rnetal  spatula  is  now  intro- 
duced between  the  bones  and  the  soft  parts  which  have  been 
raised  from  the  dorsum.  This  instrument  is  used  for  the 
purpose  of  protecting  the  soft  parts  while  the  saw  is  being 
passed.  Its  extremity  should  j)resent  at  the  inner  Avound.  A 
fine  key-hole  saw  is  now  applied  to  the  bones,  and  a  wedge- 
shaped  piece  sawn  out.  The  saw  is  made  to  cut  from  the 
dorsum  towards  the  plantar  surface,  and  the  point  of  the  saw 
should  be  allowed  to  project  through  the  internal  wound. 
The  distal  side  of  the  wedge  should  be  sawn  first,  and  then 
the  anlde-joint  side.  The  director  or  protecting  spatula  is, 
of  course,  placed  over  the  saw  in  either  locahty. 

Great  care  must  be  exercised  as  the  saw  approaches  the 
tissues  of  the  sole.  The  wedge  is  now  seized  with  lion  forceps, 
and  is  loosened.  As  the  surgeon  drags  upon  it  "vvith  the  left 
hand,  he  clears  the  plantar  surface  of  the  bones  to  be  removed 
with  a  narrow  scalpel  or  with  curved  scissors.  The  wedge 
can  usually  be  lifted  out  in  one  piece.  Any  haemorrhage 
having  been  dealt  with,  the  portions  of  the  foot  are  brought 
together ;  and  if  the  deformity  be  not  fully  corrected,  a  little 
more  bone  may  be  removed  with  the  saw  or  with  a  chisel 
from  one  or  other  side  of  the  wedge-shaped  gap. 

The  large  gap  shoidd  now  be  well  washed  out  by  a  stream 
of  water  from  a  suitable  irrigator.  In  this  way  all  bone-dust 
and  debris  are  removed. 

The  wounds  are  closed  with  sutures,  and  a  drain  may  be 
introduced  into  the  lower  part  of  the  external  wound. 

It  is  not  necessary  that  the  bones  be  sutured  together. 
The  limb  is  finally  placed  upon  a  suitable  sphnt,  either  upon 
the  special  apparatus  designed  by  Mr.  Davy  or  upon  a  back 
splint  with  two  side  splints — the  outer  one  having  an  inter- 
ruption— such  as  would  be  employed  in  the  treatment  of  a 
compound  fracture  of  the  foot.  A  large  sponge  dusted  with 
iodoform  forms  a  suitable  dressing.  There  will  probably  be 
much  oozing  at  first.    Primary  healing  may  be  anticipated. 

The  limb  is  treated  as  if  it  were  the  seat  of  a  compound 
fracture  of  the  foot. 

Comment. — Mr.  Davy  employs  an  elastic  tourniquet  in 
performing  this  operation,  but  most  surgeons  Avill  prefer  to 
do  without  this  appliance.    It  is  quite  unnecessary. 
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Mr.  Barker  would  substitute  for  the  removal  of  the  oval 
piece  of  skin  a  straight  incision  running  along  the  outer 
surface  of  the  cuboid  (from  the  neck  of  the  os  calcis  to  the 
base  of  the  fifth  metatarsal)  in  cases  where  there  is  little  or 
no  thickening  of  the  skin  over  the  cuboid. 

Mr.  Davy  employs  special  instruments,  viz.,  a  blunt  curved 
knife,  a  kite-shaped  director,  and  a  probe-pointed  saw;  but 
there  is  not  the  least  difiiculty  in.  the  way  of  performing  the 
operation  by  the  usual  surgical  instruments. 

Mr.  Jacobson  makes  a  T-shaped  incision  with  the 
horizontal  limb  along  the  outer  side  of  the  foot  over  the  os 
calcis  and  cuboid,  and  the  vertical  one  at  a  right  angle  to 
it,  passing  across  the  dorsum  and  ending  over  the  scaphoid. 
The  soft  parts  are  raised  as  flaps. 

In  performing  this  operation  I  have  in  all  cases  employed 
a  single  horizontal  incision,  and  have  made  no  use  of  an  inner 
wound.  I  have  cleared  the  bones  with  a  Farabeuf  s  rugine, 
and  have  made  the  section  of  the  bones  with  a  chisel.  In 
most  of  the  cases  the  distal  bone  incision  has  been  through 
the  cuboid,  and  the  proximal  incision  through  the  neck  of  the 
OS  calcis.    The  apex  of  the  wedge  is  at  the  scaphoid. 

In  my  opinion  the  chisel  is  infinitely  to  be  preferred  to 
the  saw.  In  each  case  up  to  the  present  time  healing  by  first 
intention  has  followed. 

Results. — Union  should  be  firm  in  six  or  eisfht  weeks. 
Mr.  Davy  has  performed  twenty-six  operations,  with  one  death. 
The  average  stay  in  the  hospital  was  seventy-seven  days. 

All  the  patients  have  been  enabled  to  walk  and  perform 
the  daily  routine  of  work,  and  have  become  absolutely  planti- 
grade. A  useful  but  slightly  shortened  foot  results.  Move- 
ment in  the  ankle-joint  may  be  lost. 

In  some  cases  the  application  of  a  fixed  dressing  has  been 
found  necessary  for  some  time  after  the  splint  has  been  re- 
moved.   In  others  a  high  boot  has  been  worn. 

OPERATION  FOR  TALIPES  EQUINUS. 

The  operation  carried  out  by  Mr.  Davy  m  this  form  of 
club-foot  differs  but  very  slightly  from  that  just  described, 
and  the  general  observations  and  comments  made  upon  that 
procedure  may  be  considered  to  apply  to  this. 
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The  medio-tarsal  joint  having  been  defined,  two  wedge- 
shaped  pieces  of  skin  are  removed — one  from  the  outer,  and 
the  other  from  the  inner  side  of  tlie  foot.  The  apex  of  each 
cutaneous  wedge  is  on  the  plantar  surface,  while  the  base  is 
on  the  dorsum,  and  the  size  of  the  bared  area  will  depend 
upon  the  size  of  the  bony  wedge  to  be  removed. 

The  soft  parts  are  cleared  fr-om  the  dorsum,  and  the  wedge 
is  cut  out  with  the  saw  or  chisel  with  the  same  precautions 
and  in  the  same  manner  as  have  been  already  described. 

The  wedge  may  bo  extracted  in  one  piece  in  the  form  of  a 
bony  key-stone. 

The  after-treatment  of  the  case  is  the  same  as  has  been 
already  detailed,  and  the  results  of  the  few  operations  of  this 
kind  which  have  been  performed  are  included  in  the  remarks 
that  precede  this  section. 

Comment. — In  the  place  of  the  cutaneous  wedges,  straight 
or  T-shaped  incisions  may  be  employed.  The  bones  are  best 
cleared  with  the  rugine,  and  the  chisel  is  decidedly  to  be 
preferred  to  the  saw. 

OPERATION  FOR  CONFIRMED  FLAT-FOOT. 

The  treatment  of  extreme  flat-foot  by  the  excision  of  a 
wedge  of  bone  was  introduced  by  Mr.  Golding  Bii-d  in  1878. 
(See  paper  in  Lancet,  April  6th,  1889.)  The  wedge  was  taken 
from  the  inner  side  of  the  foot,  and  was  composed  either  of 
the  scaphoid  alone,  or  of  the  scaphoid  together  with  the  head 
of  the  astragalus.  Dr.  Ogston  (Trans.  Med.  Soc.,  1884)  excised 
the  astragalo-scaphoid  joint  in  such  a  way  that  the  parts  re- 
moved were  wedge-shaped.  He  then  fixed  the  astragalus  and 
scaphoid  together  with  pegs. 

An  article  by  Mr.  Davy  (Lancet,  April  6th,  1889)  may  be 
consulted. 

The  actual  operation  needs  no  detailed  description.  The 
bone  is  exposed  by  a  simple  incision,  and  the  parts  to  be  re- 
moved are  bared  with  a  rugine.  The  wedge  is  cut  out  with  a 
chisel  and  mallet.  No  tourniquet  is  required.  The  foot  is 
adjusted  upon  a  suitable  sphnt  after  the  operation,  and  is 
treated  as  a  compound  fracture.  There  is  no  need  to  fix  the 
bones  together  by  pegs  or  sutures. 
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CHAPTER  Yll. 

Operative  Treatment  of  Ununited  Fracture. 

Without  entering  into  the  general  question  of  the  in- 
dications for  interference  in  cases  of  ununited  fracture,  it  is 
necessary  to  point  out  that  delayed  imion  of  broken  bones  is 
not  uncommon ;  that  so-called  non-imion  depends  upon  many 
conditions,  some  constitutional,  some  local ;  and  that  often 
in  cases  which  have  apparently  become  hopeless  much  can 
be  done  by  general  treatment  and  by  simple  local  measures 
which  are  short  of  operation. 

1.  UNUNITED  fracture  OF  LONG  BONES. 

In  dealing  with  unimited  fractiu-es  of  such  bones  as  the 
femur,  the  humerus,  the  tibia,  and  the  radius,  the  operative 
measure  which  appears  to  me  to  be  the  best,  the  simplest,  and 
the  most  complete  consists  in  resecting  the  ends  of  the 
broken  bone,  and  then  retaining  them  in  accurate  apposition 
by  means  of  spUnts.  Of  the  different  measures  of  which  I 
have  myself  made  use,  none  has  given  such  satisfactory  results 
as  has  this  simple  procedure. 

Certain  of  the  modes  of  treatment  advised  have  little 
to  recommend  them.  Among  such  must  be  named  the 
passing  of  a  large  tenotome  between  the  fragments,  the  intro- 
duction of  a  seton,  the  insertion  of  gilt  steel  needles  into  the 
bone,  or  the  driving-in  of  a  number  of  ivory  pegs. 

These  timid  and  half-hearted  measures  were  possibly 
justified  in  the  days  which  preceded  the  introduction  of  anti- 
septic methods  m  the  treatment  of  wounds.  They  are  feeble 
measures,  which  are  blindly  administered,  and  which  appear 
to  trust  more  to  good-fortune  than  to  sound  science. 

At  the  present  day — when  the  making  of  a  large  wound 
is  (within  reasonable  Hmits)  not  much  more  serious  than  the 
making  of  a  small  one— these  imperfect  operations  have  little 
reason  for  their  existence. 
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The  introduction  of  a  seton  is  a  distinctly  dangerous  and 
reckless  measure ;  the  passage  of  a  tenotome  may  not  be 
dangerous,  but  it  is  purposeless,  and  has  every  prospect  of 
being  futile. 

If  the  bone  has  to  be  exposed  in  order  that  it  may  be 
drilled  and  stimulated  by  ivory  pegs,  it  is  a  question — when 
once  the  deep  wound  has  been  made — whether  the  best 
possible  j)rooedure  is  being  carried  out. 

If  a  considerable  mass  of  muscular  tissue  intervenes 
between  the  fragments,  the  pegs  will  do  httle  good,  and  the 
risks  of  the  wound  will  have  been  incurred  for  nothing. 

After  the  resection  operation,  on  the  other  hand,  the  ends 
of  the  broken  bone,  freshened  and  freed  of  all  intervening 
tissue,  are  brought  into  actual  and  close  contact,  and  may  be 
said  to  be  placed  in  the  best  condition  for  uniting.  If  the 
surgeon  be  of  opinion  that  the  formation  of  new  bone  Avill  be 
stimulated  by  the  introduction  of  ivory  pegs,  this  measure 
may  be  adopted  as  an  additional  feature  of  the  operation. 

The  question  of  wiring  the  fragments  will  be  considered  in 
a  separate  section. 

The  Operation  by  Resecting  the  Ends  of  the  Bone. 

Before  undertaking  this  operation,  the  surgeon  should 
understand  that  its  success  depends  more  upon  the  couit 
pleteness  of  the  arrangements  that  are  made  for  keeping 
the  bones  in  position  after  the  operation  than  upon  the  opera- 
tion itself,  provided  the  latter  be  carried  out  with  due 
care.  The  operation  involves  the  making  of  a  compound 
fracture,  the  hmb  is  at  the  time  flail-like  and  distorted,  the 
muscles  are  shortened,  the  fragments  are  very  possibly  dis- 
placed. 

In  these  circumstances  it  is  necessary  that  the  most 
efficient  form  of  splint  should  have  been  prepared,  and  that 
all  arrangements  should  have  been  made  for  fixing  the  limb 
and  maintaining  such  extension  as  may  be  necessar}^ 

In  dealing  with  a  fracture  of  the  femur  in  an  adult,  it  is 
weU  that  the  operation  be  performed  as  the  patient  lies  upon 
the  bed  he  will  occupy  throughout  the  whole  treatment. 
Much  moving  of  the  patient  after  the  operation  is  very  un- 
desirable, and  a  long  thigh  splint  with  extension  apparatus 
cannot  be  conveniently  applied  upon  the  operation-table. 
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Care  in  the  adjusting  of  the  fragments,  and  infinite  and 
continued  care  in  the  after-treatment,  are  the  main  elements 
of  success  in  the  present  class  of  case. 

The  principal  features  of  the  operation  are  the  following : — 

1.  The  strictest  antiseptic  measures  must  be  observed. 
It  is  essential  that  the  wound  should  heal  without  suppura- 
tion. 

2.  The  incision  must  be  free.  In  many  instances  the 
wound  must  be  very  extensive.  A  small  incision  may  greatly 
comphcate  the  operation,  may  prevent  the  full  exposure  of  the 
bones,  and  may  lead  to  undue  contusion  and  laceration  of  the 
soft  parts.  The  surgeon  is  likely  to  err  in  the  direction  of 
making  the  wound  too  small  rather  than  too  large. 

S.  The  wound  should  be  in  the  long  axis  of  the  limb  as 
a  ride,  and  should  be  so  placed  as  to  reach  the  bone  by  the 
shortest  route  and  with  the  least  damage  to  the  soft  parts — 
the  nerves  and  the  blood-vessels  of  the  region. 

4.  The  bones  must  be  well  exposed  and  cleared  of  the 
fibrous  and  cicatricial  tissue  which  will  probably  surround 
them.  This  tissue  need  not  be  removed,  but  the  bones  must 
be  well  freed  of  it. 

5.  The  free  end  of  each  fragment  should  be  made  to  pro- 
ject in  turn  through  the  wound.  To  effect  this  the  Hmb  will 
probably  require  to  be  bent  at  an  acute  angle  at  the  seat  of 
fracture,  large  and  strong  retractors  wiU  be  required,  and  the 
help  of  able  assistants. 

6.  Each  bone-end  should  be  bared  of  its  periosteum, 
which  is  turned  back  by  means  of  the  rugine  with  as  httle 
disturbance  of  its  connections  with  the  surrounding  soft  parts 
as  is  possible.  It  is  only  necessary  that  the  actual  fi-ee  end 
of  the  bone  be  so  laid  bare. 

7.  With  a  fine  and  sharp  chisel  the  operator  should  then 
proceed  to  remove 'a  thin  lamella  from  the  end  of  the  bone, 
so  that  the  fresh  cancellous  tissue  is  exposed  over  the  entire 
section  of  the  shaft.  No  more  need  be  removed  than  is 
necessary  to  expose  a  surface  of  living  vascular  and  active 
bone.  Both  fragments  are  to  be  treated  in  the  same  way. 
The  manner  in  which  the  bone  is  cut  is  of  great  importance. 
The  chisel  should  be  so  employed  that  the  two  raw  surfaces 
can  lie  in  contact,  and  can,  if  possible,  overlap. 
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While  there  is  applied  to  the  limb  the  fullest  amount  of 
extension  that  an  assistant  can  exercise,  the  surgeon  should 
ascertain  what  position  the  fragments  will  occupy  when  the 
limb  is  finally  adjusted  upon  the  splints  he  has  prepared ;  and 
he  should,  if  necessarj^  re-apply  the  chisel  until  the  two  frag- 
ments fit  one  another,  and  are  made  to  lie  easily  in  contact 
when  the  deformity  has  been  corrected. 

Mere  sawing-off  of  the  ends  of  the  bones  is  not  sufficient, 
nor  is  the  mere  baring  of  the  broken  extremities  all  that  is 
required.  The  bones  must  be  fashioned,  and  be  so  moulded 
with  the  chisel  that  they  may  be  brought  into  proper  contact. 

During  the  use  of  the  chisel  every  care  must  be  taken  by 
means  of  spatulas  and  retractors,  held  by  watchful  assistants, 
to  protect  the  soft  parts.  I  have  found  it  convenient  to  steady 
the  limb  against  an  iron  block  covered  with  a  carbolised  towel 
during  the  time  the  chisel  is  being  used. 

8.  The  wound  cavity  should  then  be  well  flushed  out  with 
a  1-50  carbolic  solution,  directed  into  its  depths  by  a  suitable 
irrigator.  Sutures  are  applied,  but  the  close  approximation  of 
the  margins  of  the  skin  wound  is  not  desirable.  I  have  never 
employed  a  drainage-tube  in  these  cases.  The  use  of  the 
elastic  tourniquet  is  to  be  avoided  whenever  possible. 

The  best  dressing  for  the  Avound  is  a  large  sponge,  or  a 
pad  of  Tillmann's  dressing,  well  dusted  with  iodoform. 

The  limb  must  finally  be  well  and  carefully  secured  upon 
a  splint,  and  fixed  in  the  best  possible  position.  It  may  be 
necessary  to  divide  a  tendon  now  and  then,  or  sever  rigid 
bands  of  cicatricial  tissue. 

In  neglected  fractures  of  the  thigh,  in  which  non-union 
has  followed,  I  have  kept  the  j)atient  in  bed  for  a  week  or  so 
before  the  operation,  and  have  applied  extension  during  the 
whole  of  that  time,  in  order  to  overcome  the  shortening 
produced  by  contracted  muscles  and  to  bring  the  limb  into  a 
good  position. 

This  preliminary  measure  allows  the  swelling  Avhich  often 
surrounds  the  seat  of  fracture  to  subside,  and  enables  the 
surgeon  to  make  trial  of  the  splint  he  proposes  to  employ  after 
the  operation. 

The  after-treatment  of  these  cases  differs  in  no  way  from 
that  of  compound  fracture. 
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The  Operation  by  Wiring-  the  Fragments. 

So  far  as  the  Ions?  bones  of  the  extremities  are  concerned,  I 
think  that  this  measure  may  very  well  be  dispensed  with. 

I  made  use  of  it  at  one  time,  but  have  had  good  reasons 
for  abandoning  it. 

In  the  first  place,  the  wire  can  play  but  a  feeble  part  in 
maintaining  the  fragments  in  position. 

It  is  not  consistent  with  simple  mechanical  principles  to 
assume  that  a  single  loop  of  soft  wire  can  have  great  effect  in 
keeping  together  the  broken  ends  of  so  huge  a  bone  as  the 
femur,  especially  when  the  thigh  is  that  of  a  well-developed 
adult.  The  boring  of  the  bones  and  the  passing  of  the  wire 
are  often  very  difficult  and  tedious  steps  in  the  operation, 
and  may  greatly  extend  the  length  of  the  operation.  Much 
damage  has  been  done  to  the  soft  parts  in  this  stage  of  the 
proceeding. 

When  the  wire  is  being  twisted,  the  bones  may  appear  to 
be  in  good  position  ;  but  when  the  splint  is  apphed,  or  the 
attitude  of  the  limb  altered,  the  wire  may  be  found  to  have 
but  Httle  hold  upon  the  fragments. 

The  wire  may  be  so  applied  as  to  actually  prevent  the  best 
possible  adjustment  of  the  fragments. 

It  is  true  that  the  loop  may  be  retained  indefinitely  with- 
out the  patient  being  conscious  of  its  presence  in  the  limb  ;  on 
the  other  hand,  it  has  caused  much  irritation,  has  induced 
intense  neuralgic  pain,  has  apparently  led  to  suppuration  and 
to  a  hmited  necrosis  of  the  end  of  the  bone. 

In  the  case  of  a  superficial  bone,  such  as  the  tibia,  the  wire 
loop  may  cause  ulceration  of  the  skin,  and  I  had  on  one 
occasion  to  remove  such  a  wire  on  this  account  many  months 
after  its  introduction. 

It  is  said  that  the  wire  excites  the  growth  of  new  bone ; 
but  if  it  does,  it  appears  to  effect  its  end  at  a  great  cost. 

The  removal  of  the  wire  after  a  period  of  six  or  eight 
weeks  is  often  a  matter  of  the  greatest  difficulty,  especially 
when  the  wound  lias  soundly  healed.  A  large  incision  may  be 
required,  much  bruising  of  the  soft  parts  may  be  involved, 
and  at  the  end  the  loop  often  breaks,  and  a  piece  of  the  wire 
has  to  be  abandoned  in  the  depths  of  the  limb. 

If  the  ends  of  the  wire  be  allowed  to  project  through  the 
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wound,  an  unnecessary  complication  of  the  operation  is 
involved,  and  the  wire  acts  the  part  of  a  seton. 

On  the  other  hand,  if  care  be  taken  to  correct  the  shorten- 
ing so  far  as  possible  before  the  operation,  if  every  measure  be 
observed  which  will  improve  the  local  condition  of  the  limb, 
and  if  the  bone-ends  be  brought  Avell  together  during  the 
operation,  an  apparatus  will  keep  the  fragments  in  position, 
provided  the  surgeon  is  careful  in  the  selection  of  the 
appliance,  and  still  more  careful  in  the  details  of  the  after- 
treatment. 

It  is  probable  that  in  the  case  of  both  the  humerus  and 
the  femur  a  considerable  degree  of  extension  may  have  to  be 
maintained,  but  the  use  of  the  wire  would  not  make  that 
necessity  the  less. 

I  have  operated  by  the  resection  method  above  described 
upon  ununited  fractures  of  the  humerus,  femur,  tibia,  and 
radius,  and  have  obtained  better  results  by  that  means  than 
ever  attended  the  earlier  operations  in  which  I  wired  the  frag- 
ments together. 

As  a  practical  measure  the  wire  is  a  delusion  and  a  snare  ; 
so  far,  certainly,  as  the  long  bones  are  concerned. 

2.  UNUNITED  FRACTURE  OF  SHORT  BONES. 

The  bones  considered  under  this  heading  are  the  patella 
and  the  olecranon. 

The  Patella. — It  is  assumed  that  such  operations  as  are 
here  described  are  applicable  to  cases  of  ununited  fracture,  cases 
in  which  treatment  has  been  ineffective,  and  in  which  con- 
siderable impairment  of  the  use  of  the  limb  has  resulted.  It 
must  be  assumed  also  that  the  question  of  wearing  an  instru- 
ment has  been  considered  as  an  alternative  to  operative 
interference,  and  that  the  gravity  of  any  measure  which 
involves  the  opening  of  the  knee-joint  has  been  discussed. 

It  would  appear  that  the  treatment  of  recent  simple 
fractures  of  the  pateUa,  by  opening  the  knee-joint  and  wiring 
the  fragments  together,  has  not  come  into  general  use  among 
surgeons.  Indeed,  it  must  be  confessed  that  in  the  great 
majority  of  cases  a  very  satisfactory  degree  of  success  attends 
the  ordinary  and  simpler  modes  of  dealing  with  the  fracture. 

In  cases  of  compound  and  comminuted  fractures  the 
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question  of  wiring  fragments  together  in  the  primary  treat- 
ment of  the  lesion  may  be  considered  in  certain  instances. 

1.  The  Wiring  of  the  Fragments. — This  operation  was  in- 
troduced by  Sir  Joseph  Lister  in  1883,  and  is  carried  out,  it  is 
needless  to  say,  under  the  most  careful  antiseptic  precautions. 

The  knee  being  extended,  a  vertical  incision  is  made  along 
the  front  of  the  knee-joint  over  the  centre  of  the  patellar  fi-ag- 
ments.  This  median  cut  may  commence  one  inch  above  the 
upper  fi-agment,  and  end  one  inch  below  the  lower. 

The  integuments  having  been  separated  by  retractors,  the 
fragments  are  exposed,  and  their  fractured  surfaces  are  cleared 
of  the  fibrous  tissue  and  the  tljickened  synovial  membrane 
which  will  cover  them. 

These  surfaces,  when  freed,  are  then  freshened  by  remov- 
ing a  thin  slice  of  the  bone  with  a  fine,  narrow  chisel. 

In  effecting  this  each  fragment  should  be  steadied  by 
means  of  lion  forceps,  the  blades  of  which  are  without  teeth. 
A  small  piece  of  sponge  should  be  pressed  beneath  the  frag- 
ment to  prevent  blood  from  running  down  into  the  knee-joint. 

The  lower  fragment,  which  is  usually  also  the  smaller,  is 
the  less  easy  to  deal  with  of  the  two. 

The  bones  are  now  drilled  in  the  median  line  with  a 
carpenter's  bradawl.  The  driU-hole  runs  obliquely  from  the 
upper  or  lower  attached  surface  of  the  bone  (as  the  case  might 
be)  to  the  deeper  layers  of  the  bone  which  are  next  to  the 
cartilage,  and  which  are  exposed  on  the  newly-freshened 
surface  (Fig.  161). 

It  is  important  that  the  drill-holes  should  be  both  pre- 
cisely in  the  median  plane,  or  the  fragments  will  be  tilted 
when  the  bone  is  tightened. 

Pure  silver  wire  one-sixteenth  of  an  inch  thick  is  now  intro- 
duced, and,  after  the  sponges  have  been  removed  andthejoint 
washed  out,  the  fragments  are  brought  together  and  the  ends 
of  the  wire  secured  by  means  of  one  complete  tiu-n.  If  the 
wire  has  to  be  removed,  the  direction  of  the  twist  should  be 
noted. 

Those  who  advise  that  the  wire  be  retained,  cut  the  ends 
short,  and,  twisting  the  stump  of  wire  laterally,  hammer  it  flat 
upon  the  bone  (Fig.  161). 

If  necessary,  the  knee-joint  may  be  drained  by  means  of  a 
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small  tube  or  a  strand  of  horse-hair  passed  through  the 
posterior  part  of  the  capsule  of  the  joint.  Such  a  drain  will 
probably  be  removed  at  the  end  of  twenty-four  hours. 

The  limb  is  adjusted  upon  a  straight  back-splint,  the  skin- 
wound  is  closed  with  sutures  at  the  last  moment,  and  the 

after-treatment  of 
the  case  is  simply 
that  of  fracture  of 
the  patella. 

Comment.  — 
The  transverse  in- 
cision advised  by 
some  writers  has 
Httle  to  recom- 
mend it,  especially 
when  there  is 
much  separation 
of  the  fragments. 

The  freshen- 
ing of  the  bony 
surfaces   with  a 
saw  is  a  proceeding  that  is  to  be  condemned. 

There  is  often  considerable  difficulty  in  bringing  the 
fragments  into  close  contact,  and  some  partial  division  of  the 
rectus  muscle  may  be  necessary  before  this  end  can  be 
attained. 

When  the  lower  fragment  is  of  very  small  size,  the  diffi- 
culties of  the  operation  are  incresised. 

2.  The  Use  of  Malgaigne's  Hooks. — I  have  already  men- 
tioned certain  objections  which  appear  to  me  to  apply  to  the 
wiring  of  the  fragments  in  dealing  with  ununited  fractures  of 
the  long  bones. 

In  the  operation  just  described  the  wire  has  been  left  in 
situ  in  a  great  many  instances,  has  given  rise  to  no  trouble, 
and  has  led  to  most  excellent  results.  In  a  few  cases,  how- 
ever, trouble  has  supervened.  The  foreign  body  has  set  up 
irritation,  has  caused  pain,  has  prevented  kneeling,  has  induced 
ulceration  of  the  skin,  and  finally  has  led  to  caries  of  the  bone 
and  suppuration  of  the  knee-joint.  {See  cases  cited  by  Jacob- 
son,  "  Operations  of  Surgery,"  page  1030,  et  seq.) 


The  fragments  cut  square  and  the  wrie  in  position. 


Fragments  in  apposition.    The  wire  knot  hammered  flat. 

Fig.  161.— WIRINa  OF  THE  FRAGMENTS  OF  THE  PATELLA 
AFTEE  FEACTtniE.  {Jllir/c(tr.) 
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The  removal  of  the  wu-e  at  the  end  of  six  or  eight  weeks 
is  attended  with  difficulty,  involves  the  opening  up  of  the 
wound,  and  the  attempt  has  often  resulted  in  the  removal  of 
a  portion  of  the  wire  only. 

The  following  method,  which  I  have  carried  out  with  very 
satisfactory  results  in  several  instances,  appears  to  avoid 
certain  of  the  objections  which  may  be  urged  against  wiring  : — 

The  first  part  of  the  operation  is  conducted  precisely  in 
the  manner  already  described  ;  the  fragments  are  exposed  and 
their  surfaces  are  freshened,  but,  instead  of  drilling  the  bones 
and  bringing  them  together  with  wire,  they  are  approximated 
and  held  in  position  by  a  pair  of  modified  Malgaigne's  hooks. 
{See  paper  by  the  author,  Bvit.  Med.  Journ.,  July  24,  1886.) 

The  points  of  the  hooks  are  inserted  on  each  side  of  the 
median  line,  are  driven  through  the  uninjured  skin,  and  are 
forced  well  into  the  bone  near  its  attached  margin  (upper  or 
lower  border,  according  to  the  fragment  dealt  with).  As  the 
instrument  is  in  two  separate  parts,  the  hooks  are  at  first  fixed 
into  the  fragments  independently,  and  the  whole  apparatus  is 
made  one  when  the  two  hook-carrying  plates  are  brought 
together! 

The  plates  are  now  screwed  together,  and  if  the  bones 
cannot  be  brought  close  to  one  another  they  may  be  approxi- 
mated as  nearly  as  is  possible,  and  the  screw  tightened  daily 
until .  they  are  in  close  contact.  In  exceptional  cases  it  may 
be  necessary  to  divide  some  fibres  of  the  rectus  muscle. 

In  most  instances  no  drain  is  required.  The  limb  is 
secured  to  a  straight  back-splint,  and  placed  upon  an  incHned 
plane.  The  wound  is  entirely  closed  by  sutures,  and  it  and 
the  apertures  formed  by  the  hooks  are  buried  in  iodoform. 

The  general  management  of  the  hooks  is  discussed  in  the 
paper  already  alluded  to. 

The  hooks  should  be  retained  for  some  six  weeks. 

Although  I  have  employed  this  instrument  in  a  large 
number  of  cases,  and  in  patients  of  various  conditions,  I  have 
never  had  suppuration  follow,  and  in  no  instances  has  there 
been  any  substantial  rise  of  temperature.  The  removal  of 
the  hooks  can  be  effected  with  the  greatest  ease. 

I  would  venture  to  draw  attention  to  the  following  pomts 
which  appear  to  mo  to  be  in  favour  of  this  method  : — 
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The  operation  is  easy  and  simple,  and  the  apparatus  is 
well  exposed  to  view. 

The  fragments  are  held  together  by  hooks,  Avhich  are 
placed  laterally  to  the  median  Hne,  and  effect  a  more  perfect 
and  more  certain  approximation  of  the  bones  than  does  a 
single  median  wire. 

If  the  bones  are  not  to  be  brought  together  at  once,  they 
can  be  approximated  by  a  more  gradual  process,  viz.,  by 
tightening  the  screw  every  day  for  the  first  few  days.  (^Mien 
once  the  wire  is  fixed,  it  must  remain.) 

The  points  of  metal  penetrate  only  the  surface  layers  of 
the  bone,  and  do  not — like  the  Avire — involve  a  seton-hke 
passage  through  the  cancellous  tissue. 

The  removal  of  the  hooks  is  very  easy.  (The  removal  of 
the  wire  is  often  difficult.) 

After  the  first  few  hours  of  the  first  day  the  hooks  cause 
no  pain. 

The  Olecranon. 

The  operations  performed  upon  this  bone  are  carried  out 
in  similar  circumstances  to  those  briefly  indicated  in  deal- 
ing with  ununited  fracture  of  the  patella. 

It  is  well  to  operate  before  the  triceps  has  become  greatly 
atrophied  and  shrunken. 

The  method  of  wiring  the  fragments  is  identical  with  that 
above  described,  and  is  open  to  the  same  criticism. 

A  vertical  incision  is  made  over  the  back  of  the  joint. 
The  fi'agment  is  exposed,  is  drawn  down,  is  freed  so  far  as 
is  possible  from  any  morbid  attachments,  and  is  brought  well 
into  view  by  means  of  retractors.  The  surfaces  are  freshened, 
in  the  manner  already  described,  by  a  fine  chisel. 

Holes  are  drilled  obliquely  through  the  bones,  and  pure 
silver  wire  one  twenty-fifth  of  an  inch  in  thickness  is  passed 
through  and  secured  by  one  complete  turn. 

Before  the  bones  are  approximated  a  straight  splint  should 
be  adjusted  to  the  palmar  side  of  the  limb,  so  as  to  fix  the 
•elbow  in  the  position  of  extension. 

The  wire  is  either  cut  short  and  the  stump  hammered 
into  the  bone,  or  its  ends  are  left  long  and  the  loop  is 
removed  at  the  termination  of  six  or  eight  weeks. 
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CHAPTER  VIII. 
Excision  of  Joints  and  Bones. 

general  considerations, 

By  the  term  "  excision  of  a  joint "  is  implied  the  removal  of 
the  articular  extremities  of  the  bones  entering  into  the  forma- 
tion of  the  joint,  together,  necessarily,  with  the  cartilage  and 
synovial  membrane,  the  procedure  being  carried  out  with  the 
least  possible  amount  of  injury  to  the  surrounding  soft  parts. 

This  definition,  while  it  applies  precisely  to  the  usual 
excisions  of  the  knee  and  elbow,  is  allowed  also  to  include 
the  usual  excisions  of  the  hip  and  shoulder  in  which  only  the 
articular  extremity  of  the  long  bone  forming  the  joint  is 
removed. 

By  excising  a  joint  it  is  often  possible  to  preserve  a  limb 
which,  but  for  this  operation,  would  be  subjected  to  amputation. 

The  excision  of  a  bone  may  apply  either  to  the  complete 
removal  of  a  bone  together  with  its  articular  extremity,  e.g., 
the  inferior  maxilla ;  or  to  the  removal  of  a  portion  of  a  bone, 
e.g.,  the  diaphysis  of  the  humerus,  or  the  acromial  end  of  the 
clavicle. 

History  of  Excision  Operations. — In  the  works  of  the 
older  writers,  from  Hippocrates  downwards,  the  removal  of 
bone  is  advised  in  certain  general  terms  and  in  certain 
conditions.  Under  the  influence  of  this  advice  it  would 
appear  that  among  ancient  surgical  operations  must  be  placed 
the  removal  of  sequestra  and  the  sawing-off  of  the  irreducible 
ends  of  bones  that  have  been  exposed  in  compound  fracture 
or  compound  dislocation. 

The  excision  of  a  joint  as  a  definite  surgical  measure  is, 
however,  quite  a  modern  operation,  and  dates  from  the  latter 
end  of  the  last  century. 

With  the  invention  and  introduction  of  the  operation  two 
names  are  conspicuously  associated — Park,  of  Liverpool ;  and 
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Moreau,  of  Bar-siir-Ornain.  The  early  work  of  these  two 
surgeons  appears  to  have  been  independent  of  one  another. 

Park  performed  excision  of  the  knee  on  July  2,  1781, 
for  chronic  joint-disease.  The  patient  was  a  sailor  aged 
thirty-three,  and  he  made  a  perfect  recovery  (Park's  letter 
to  Mr.  Percival  Pott,  September  18,  1782). 

Moreau  carried  out  an  excision  of  the  ankle  on  August 
18,  1782  ("Essai  sur  I'Emploi  de  la  Kesection  des  Os,"  by 
Moreau  the  younger,  Paris,  1803),  and  performed  excision  of 
the  shoulder  in  1786,  and  excision  of  the  elbow  in  1794. 

Prior  to  the  operations  of  Park  and  Moreau  certain 
procedures  of  a  less  definite  and  deliberate  character  had 
been  carried  out.  Thus,  Felkin  of  Norwich  had  excised  the 
knee  for  disease  in  1762  (the  operation  being  recorded  in  one 
of  Park's  letters).  Bent,  of  Newcastle,  performed  excision  of 
the  shoulder  in  October,  1771  (Philos.  Trans.,  1774),  and  Orred 
repeated  the  procedure  in  1778  (Philos.  Trans.,  1779). 

The  first  excision  in  modern  times  for  compound  dis- 
location is  ascribed  to  Cooper,  of  Bungay.  The  joint  con- 
cerned was  the  ankle,  and  the  operation  was  performed  some 
years  prior  to  1767.  (See  "  Gooch's  Cases  and  Practical 
Remarks  on  Surgery,"  1767.) 

The  first  excision  of  the  hip  was  performed  in  1818  by 
Anthony  White,  of  the  Westminster  Hospital  (London  MecL 
Gazette,  1832,  page  352).  Vigarous,  of  Montpellier,  advised  ex- 
cision of  joints  in  the  treatment  of  certain  gunshot  injuries 
("  Opuscules,"  1788),  and  Percy  appears  to  have  carried  the 
operation  out  in  1799. 

Charles  White,  of  Manchester,  removed  in  1708  a  con- 
siderable portion  of  the  diaphysis  of  the  humerus  ("  Cases  in 
Surgery,  with  Remarks,"  London,  1770),  with  the  result  that 
the  deficiency  was  so  made  good  by  new  bone  that  the  case 
attracted  great  attention. 

In  the  Philosophical  Transactions  for  1766  is  "  an  account 
of  the  extraction  of  three  inches  and  ten  lines  of  the  bone  of 
the  upper  arm,  which  was  followed  by  a  regeneration  of  the 
bony  matter,  with  a  description  of  a  machine  made  use  of  to 
keep  the  upper  and  lower  pieces  of  the  bone  at  their  proper 
distances,"  by  Prof  Le  Cat,  of  Rouen  ;  translated  by  Justa- 
mond. 
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These  early  operations  were  not  very  extensively  imitated, 
and,  indeed,  the  procedures  of  Park  and  Moreau  Avere  so 
vigorously  condemned  by  many  that  for  some  years  excisions 
Avere  but  very  rarely  performed. 

The  development  of  the  operation  Avas  the  Avork  of  later 
surgeons.  In  Great  Britain  the  credit  of  placing  excision  of 
the  shoulder  and  of  the  elboAV  among  recognised  methods  of 
treatment  must  rest  Avith  Syme ;  and  a  hke  comment  may  be 
appHed  to  Ferguson,  so  far  especially  as  the  knee  and  the  hip- 
joints  Avere  concerned.  Hancock  brought  excision  of  the 
ankle  into  the  scope  of  modern  surgery,  and  Lister  the  opera- 
tion for  excising  the  Avrist. 

The  credit  of  the  subperiosteal  method  must  rest  Avith 
Oilier,  of  Lyons.  Fcav  men  have  done  more  for  the  operative 
surgery  of  the  joints  and  bones  than  has  this  surgeon.  His 
elaborate  and  most  admirable  treatise  on  resections  contains 
the  most  complete  account  of  excisions  Avith  Avhich  literature 
has  been  at  present  provided.  His  researches  into  the  groAvth 
and  formation  of  bone  and  the  action  of  the  periosteum  are 
Avell  knoAvn,  and  his  classical  Avork  should  be  consulted  by  all 
Avho  desire  a  fuller  knoAvledge  of  the  operations  Avith  Avhich 
this  chapter  deals. 

The  part  played  by  the  periosteum  in  the  formation  of 
bone  Avas  first  discussed  by  Duhamel  in  1739-43.  The  matter 
Avas  further  developed  by  Heine  (1837),  and  Flourens  (1840), 
and  still  later  by  Wagner  (1853).  Textor,  Syme,  Blandin,  and 
Chassaignac  all  made  a  point  of  preserving  the  periosteum  in 
their  resections.  Their  examples,  hoAvever,  do  not  appear  to 
have  been  extensively  folloAved,  and  the  precise  subperiosteal 
method  is  due  to  Oilier,  Avhose  first  monograph  upon  the 
subject  appeared  in  1858. 

Some  further  details  relating  to  the  history  of  these 
operations  are  given  in  the  account  of  each  particular 
procedure. 

The  Instruments  employed. — The  folloAving  is  the  list 
of  the  instruments  that  may  be  required  in  an  excision 
operation : — 

Scalpels.    Bistouries  (blunt  and  sharp  pointed). 

Dissecting  and  artery  forceps.    Pressure  forceps. 

Scissors.    Bone  forceps.    Sequestrum  forceps. 
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Probes  ;  directors ;  special  directors. 
Excision  knives. 

Ivory  or  metal  spatuLe.    Retractors  of  various  kinds. 
Lion  forcej)s. 

Periosteal  elevators.  Engines. 

Saws  of  various  kinds. 

Chisels  and  Mallet. 

Bone  gouges.  Sharp  spoons. 
Certain  of  these  instruments  require  a  special  notice. 
The  Excision  Knife. — This  knife  should  have  a  large 
handle  and  a  short  but  stout  blade  (Fig.  162).  It  is  an 
instrument  by  means  of  which  the  surgeon  can  give  the  short, 
strong,  clean  and  heavy  cuts  down  to  the  bone  which  are  so 
conspicuous  a  feature  in  excision  operations.  Fig.  162  shows  the 
most  useful  form  of  knife  for  general  purposes.  Fig.  163 
represents  an  excision  knife  with  a  straight  edge,  which  A\dll  be 
found  very  convenient  in  dealing  with  some  irregular  surfaces, 
and  also  in  dividing  the  j)eriosteum. 

The  Periosteal  Elevator  or  Riigine. — Many  patterns  of 


Fig.   1G2. — EXCISION  KNIFE. 


rig.  163. — EXCISION  KNIFE. 


this  instrument  exist.  The  rugine,  or  detache-tendon,  is 
employed  to  strip  the  periosteum  from  the  bone. 

The  most  convenient  instruments  are  those  of  Farabeuf. 
Fig.  164  shows  the  straight  rugine,  which  will  meet  with  the 
requirements  of  most  oj^erations ;  and  also  the  curved  rugine, 
which  is  admirably  adapted  for  curved  and  irregular  surfaces. 
It  has  likewise  been  used  as  a  conductor  or  director  for  the 
chain-saw. 

The  ordinary  periosteal  elevator  (Fig.  165),  as  it  is  figured 
in  the  catalogues  of  English  makers,  is  a  useful  instrument. 
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It  is  of  little  service  in  actually  detaching  the  periosteum,  but 
is  useful  in  raising  it  when  it  has  been  detached. 

Retractors. — Ke tractors  play  a  very  important  part  in 
excision  operations.  Those 
of  the  ordinary  pattern 
will  suffice.  {See  page 
40.)  The  most  service- 
able are  of  steel  and  are 
rectangular. 

A  useful  retractor  can 
be  made  with  a  long,  thin, 
and  narrow  strip  of  pliable 
metal  (e.g.,  malleable  iron 
plated).  Its  apphcation 
in  a  case  of  excision  of  the 
elbow  is  shown  in  Fig.  187. 

Good  ivory  spatulas  are  of  great  service  to  protect  the  soft 
parts  during  sawing. 

Scnu  Directors. — Blandin's  director  of  the  pattern  shown 
in  Fig.  166  is  of  value  in  protecting  the  soft  parts  when  the 


164. — faeabetif's  eugines, 
anb  ctjeted. 


STRAIGHT 


rig.  165. — lanoenbeck's  pebiosteal  elevatoe. 


saAv  is  being  apphed.  It  is,  indeed,  made  to  act  as  a  director 
for  the  saw. 

It  can  be  employed  also  as  a  guide  in  passing  the  chain- 
saw  around  a  bone. 


Fig.  166. — BLANniN's  dibectoe  fob  besections. 


Lion  Forceps. — Of  the  various  forms  of  lion  forceps  or 
bone-holding  forceps,  Farabeuf 's  is  perhaps  the  best. 

By,  means  of  its  double  axis  it  is  enabled  to  grasp  firmly  a 
bone  of  any  size,  and  will  hold  a  metacarpal  bone  as  steadily 
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as  it  will  fix  the  head  of  the  humerus  (Fig.  167).  The 
davier-drigne  shown  in  Fig.  168  is  admirably  adapted  for 
grasping  soft  and  friable  bones. 


Fig.  167. — fababeot's  bone-holdino  foeceps. 


Saws. — The  particular  kind  of  saw  employed  must 
depend  upon  the  taste  and  custom  of  the  individual  surgeon. 
The  best  for  most  excision  operations  is  a  simple  straight 
narrow  saw  with  a  movable  back.  .  In  some  instances,  e.g ., 
in  certain  excisions  for  anchylosis,  a  rat-tail  or  key-hole  saw  is 
needed. 

If  it  be  considered  needful  to  give  a  curved  surface  to  the 


Fig.  168. — OLLIEE'S  foeceps  foe  seizing  OA^'CELLOUS  OE  FEIABLE  BOXE. 


tree  end  of  the  bone,  this  may  best  be  done  by  means  of  a 
slender  Butcher's  saw. 

French  surgeons  are  for  the  most  part  in  favour  of  the 
chain-saw,  but  that  instrument  has  never  held  a  very  pro- 
minent position  with  English  operators. 

The  General  Conditions  of  Excision  Operations. 

The  remarks  in  this  and  the  following  chapters  apply 
especially  to  excisions  of  joints,  but  they  ma}^  be  taken  as 
referring  also,  with  appropriate  modification,  to  resections  of 
bones. 

The  excision  of  a  joint  may  be  practised  for  the  relief 
of  any  of  the  following  conditions  : — Advanced  joint-disease  ; 
disease  of  the  articular  ends  of  the  bones ;  injury,  such  as  gun- 
shot wound,  compound  or  unreduced  dislocation ;  anchylosis ; 
and  certain  deformities. 
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The  great  majority  of  the  cases  of  excision  have  been 
carried  out  for  the  rehef  of  strumous  or  tubercular  disease  of 
the  joint  ("  white  swelling  ") ;  and  the  chief  discussions  relative 
to  excision,  and  the  main  statistics  that  deal  with  the 
operation,  are  concerned  with  excisions  for  chronic  joint- 
disease. 

In  performing  excision  of  a  joint,  the  following  general 
points  are  to  be  observed  : — 

1.  The  whole  of  the  diseased  tissue  must  be  removed. 

2.  The  amount  of  the  bone  removed  must  be  limited  by- 
such  common  surgical  requirements  as  are  necessary  to  ensure 
the  prospect  of  a  useful — or,  at  least,  not  utterly  useless — limb. 
It  is  possible  to  remove  so  much  bone  that  although  the 
wound  heals  firmly  and  Avell,  the  patient  is  left  with  a  flail- 
like  limb,  which  is  an  actual  encumbrance.  "  Figurez-vous," 
writes  Farabeuf,  "  un  genou  et  meme  un  coude  de  caoutchouc, 
la  jambe  ou  I'avant-bras  oscillant  au  gre  de  la  pesanteur ! " 
The  common  observation  that  "  any  limb  is  better  than  no 
limb  "  is  not  to  be  accepted  entirely. 

3.  The  soft  parts  must  be  as  little  disturbed  as  possible. 
The  surgeon's  object  should  be  to  remove  nothing  but  bared 
bone,  free  of  aU  its  periosteum.  Every  care  must  be  taken  to 
preserve  the  connections  of  tendons  and  ligaments,  and  to 
avoid  injury  to  vessels  and  nerves  of  any  magnitude. 

4.  Care  must  be  taken  in  young  subjects  that  the  active 
epiphysis  be  not  destroyed,  lest  a  greatly-shortened  limb 
result — a  matter  of  infinite  consequence  in  the  lower  ex- 
tremity. 

5.  The  bones  must  be  so  divided  as  to  be  adapted  to  the 
purposes  of  the  new  articulation,  or  be  favourable  for  anchy- 
losis in  a  good  position.  In  excising  the  knee-joint,  it  is 
possible  that  one  careless  operator  may  bring  about  a  con- 
dition of  knock-knee  in  the  healed  limb,  and  another  a  con- 
dition of  bowed  leg. 

6.  The  after-treatment  must  be  a  matter  of  infinite 
patience  and  infinite  care;  and  the  selection  of  a  suitable 
apparatus  for  the  fixing  of  the  limb  is  a  subject  of  consider- 
able moment.  In  the  upper  extremity,  and  in  the  hip  and 
ankle,  a  joint  capable  of  some  degree  of  movement  is  expected 
after  the  excision ;  in  the  knee  anchylosis  is  generally  sought  for. 
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7.  The  surgeon  must  be  fully  alive  to  the  general  surgical 
aspects  of  the  case,  to  the  condition  of  the  patient,  to  his 
prospects  of  standing  a  long  and  severe  operation,  and  to  his 
capacity  for  exhibiting  vigorous  powers  of  repair.  An  ex- 
cision is  to  some  extent  a  plastic  operation,  and  good  and 
substantial  healing  is  a  necessity. 

It  thus  happens  that  in  the  practice  of  most,  an  excision  is 


Fig.   169. — THE  METHOD  OF  USING  THE  BUGINE. 

A,  Over  a  level,  and  B,  over  an  unequal  surface.  (Oilier.) 


never  done  in  the  very  young,  nor  in  subjects  over  forty,  and 
this  more  especially  applies  to  excisions  for  disease. 

In  carrying  out  an  operation,  it  is  well  to  avoid  an 
Esmarch's  tourniquet.  Many  excisions  involve  a  consider- 
able expenditure  of  time ;  and  to  render  the  limb  bloodless 
during  the  Avhole  of  that  period  is  most  undesirable.  The 
general  objections  to  the  "  bloodless  method "  have  been 
already  detailed.  These  objections  conspicuously  apply  to 
the  present  class  of  operations. 

The  oozing  that  follows  the  use  of  the  elastic  band  is 
especially  marked  after  these  oj)erations,  and  tends  to  inter- 
fere with  the  dressing  of  the  case,  to  retard  healing,  and  to 
place  difficulties  in  the  way  of  a  rigid  adjustment  of  the 
limb. 

The  skin  incisions  must  be  considered  with  gi*eat  care. 
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The  more  modern  operations  favour  the  most  simple  form  of 
wound — a  sinoie  straight  cut. 

The  measures  adopted  by  some  of  the  earher  operators, 
were  very  complex  and  needlessly  extensive. 

The  Open  Method  and  the  Subperiosteal  Method. 

The  excision  of  a  joint  may  be  carried  out  by  either  of 
the  two  methods  just  named. 

The  Oi^en  Method. — In  the  open  method  (the  metliode  du 
histouri  of  the  French)  the  bones  are  exposed  through  the 
simplest  and  most  direct  incision ;  the  soft  parts  are  disturbed 
as  Httle  as  is  possible  ;  any  tendons  which  may  be  attached  to 
the  bones  to  be  excised  are  not  cut  through,  but  are  peeled 
off  or  separated  from  their  point  of  attachment.  The  liga- 
ments of  the  joint,  or  certain  of  them,  can  hardl}^  escape  divi- 
sion. 

The  bones  are  protected,  and  are  sawn  off,  but  no  care 
is  taken  to  separate  and  preserve  the  periosteum  which  is 
attached  to  them. 

The  Subbperiosteul  Method. — In  the  subperiosteal  method 
(the  mdthode  de  la  rugine)  the  articular  ends  of  the  bones  are 
exposed,  probably  through  a  similar  incision  to  that  observed 
in  the  open  method.  The  great  object  of  the  operator,  how- 
ever, is  to  save  the  whole  of  the  periosteum  of  the  involved 
district,  and  at  the  same  time  to  preserve  the  capsular  liga- 
ment intact.  The  process  may  be  illustrated  by  such  a  joint 
as  the  elbow.  The  articular  ligaments  (namely,  the  anterior,, 
posterior,  internal  lateral,  and  external  lateral)  form  together 
a  complete  cajDsule,  which  joins  above  and  below  with  the 
periosteum  of  the  bones  of  the  forearm  and  upper  arm. 

The  osseous  tissue  to  be  removed  is  shelled  out  fi-om  Avithin 
this  investment  of  periosteum  and  ligament.  The  capsule,  and 
the  periosteum  into  which  it  extends  above  and  below,  are 
divided  in  one  vertical  incision.  The  gap  made  is  enlarged ; 
the  bones  are  decorticated ;  they  are  stripped  of  periosteum, 
but  at  the  same  time  the  connections  between  that  membrane 
and  the  capsule  of  the  joint  are  not  disturbed.  The  articular 
ends  when  bared  are  then  protruded  through  the  incision  or 
incisions  made  in  this  capsulo-periosteal  sheath  (La  gaine 
l'>4riosteo-ca'psxdaATe).  The  term  rdsection  sous  capsido-firi- 
ostde,  applied  by  French  surgeons  to  this  method,  serves  to 
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oniphcasise  the  fact  that  the  procedure  consists  of  something 
more  than  the  mere  preservation  of  periosteum  (Fig.  170). 

The  hgaments  of  the  joints  retain  their  original  con- 
nection, and  any  attached  tendons— such  as  that  of  the 
triceps— are  separated  with  the  capsulo-periosteal  sheath,  its 


Kg.   170. — DIAGEAMS  TO  ILLUSTEATE  THE  SUE-PEEIOSTEAL  METHOD  OP  EESECTION. 

H,  Humerus  ;  U,  Ulna  ;  «,  Antei  ior  ligament ;  h,  Posterior  ligament ;  r,  Periosteum  ; 
d,  Capsulo-periosteal  sheath  separated  by  the  rugiue.  (The  lines  of  the  saw-cuts 
are  shown. ) 

relations  to  the  investing  membrane  of  the  bone  not  being 
disturbed. 

Tlie  advantages  and  disadvantages  of  the  suh-periosteal 
method. — The  advantages  claimed  for  the  sub-periosteal 
method  are  the  following  : — 

(a)  The  periosteum  being  preserved,  new  bone  is  formed 
to  replace  that  which  has  been  removed. 

(6)  The  capsule  of  the  joint  is  preserved,  and  the  con- 
nections of  the  ligaments  are  not  severed ;  the  new  articulation 
is  therefore  likely  to  be  all  the  stronger. 

(c)  The  connections  of  the  tendons  with  the  periosteum 
are  not  disturbed,  and  greater  nuiscular  strength  is  con- 
sequently given  to  the  new  joint. 
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((?)  There  is  niueh  less  haemorrhage,  the  chief  area  of  the 
operation  being  subperiosteal. 

(e)  Planes  of  connective  tissue  are  not  opened  up,  and  the 
cavity  left  after  the  removal  of  the  bones  is  limited  and 
circumscribed  by  the  capsulo-periosteal  sheath. 

With  regard  to  these  claims,  there  is  no  doubt  but  that, 
in  favourable  circumstances,  a  large  quantity  of  new  bone 
is  produced  to  make  good  that  lost  by  the  operation. 

The  importance  of  the  periosteum  in  this  connection 
would  appear  to  be  paramount,  although  some  recent  writers 
have  adduced  evidence  in  support  of  the  view  that  the  bone- 
forming  functions  of  the  periosteum  have  been  over-estimated. 

In  the  most  successful  cases  it  cannot  be  said  that  the 
articular  ends  of  the  bone  are  reproduced,  and  that  the  new 
joint  is  a  reproduction  of  the  old.  New  bone  is  formed,  and 
fills  the  periosteal  cavity,  and  by  the  periosteum  it  is  limited 
and  moulded  (Fig.  171).  The  new  bone  is,  as  it  ^vere,  poured 
into  a  mould.  The  amount  produced  varies.  In  some  in- 
stances no  new  bone  is  produced  even  when  a  considerable 
portion  of  the  periosteum  is  saved ;  in  other  cases  an  excessive 
amount  is  found  to  have  been  formed ;  in  a  few  examples  the 
reproduction  of  the  details  of  the  lost  bones  has  been  precise 
and  remarkable.  In  all  circumstances  it  would  appear  that 
the  new  bone  is  a  little  unstable,  and  that  it  is  liable  to 
imdergo  a  certain  but  varjdng  amount  of  re-absorption. 

The  value  of  the  new  bone  so  produced  cannot  be  over- 
estimated when  the  results  of  operations  come  to  be  compared, 
and  the  main  advantage  of  the  subjDeriosteal  method  may  be 
considered  to  be  based  upon  this  feature. 

The  preservation  of  ligaments  and  tendinous  connections 
is  another  advantage  of  this  method — an  advantage  that  is 
substantial  and  definite. 

The  disadvantages  of  the  subperiosteal  operation  cannot,, 
on  the  other  hand,  be  overlooked. 

The  measure  is  admirable  in  theory,  but  it  does  not  always 
assume  so  immaculate  a  position  in  practice. 

In  the  first  place,  the  detachment  of  the  periosteum  is 
difiicult  and  tedious.  The  student  who  attempts  a  sub- 
periosteal resection  for  the  first  time  upon  the  cadaver  will 
find,  especially  if  the  subject  be  old,  that  the  periosteum  is  not 
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so  substantial  a  membrane  as  it  is  sometimes  represented,  and 
that  its  separation  is  a  matter  of  considerable  mechanical 
difficulty.  When  the  complex  surface  of  the  lower  end  of 
the  humerus,  for  example,  is  dealt  with,  it  is  not  improbable 
that  the  rugine  will  detach  the  membrane  in  shreds.  In 

traumatic  cases,  in  adults, 
the  surgeon  will  find  in 
practice  that  the  strict 
carrying  out  of  the  method 
of  Oilier  is  barely  possible. 

The  operator  who 
blindly  persists  in  follow- 
ing this  method  will  often 
find  that,  after  much  valu- 
able time  has  been  ex- 
hausted, he  has  bared  the 
bone  of  periosteum,  but 
has  left  that  membrane 
in  shreds  and  holes. 

It  is  not  only  the 
operator's  surgical  faith 
which  suffers  from  the 
tyranny  of  a  method  ;  the 
patient  also  is  troubled, 
and  in  a  more  material 
way. 

In  young  subjects  the 
periosteum  is  thicker, more 
active,  more  substantial, 
and  more  easily  stripped 
off.  It  may  also  be  said 
that  it  is  more  precious, 
iuid  is  in  more  need  of  being  preserved. 

In  cases  attended  by  chronic  inflammation  the  periosteum 
is  generally  very  easily  detached,  but  in  such  a  condition  it  is 
often  of  doubtful  value.  It  may  be  infiltrated  Avith  inflam- 
matory material,  may  hinder  the  healing  of  the  wound,  and 
may  even  maintain  suppuration.  But  if  it  lack  these  poten- 
tialities for  evil,  it  may  possess  no  bone-producing  property. 
In  cases  of  excision  performed  for  new  growth  the  preserva- 


Pig.  171. — EESTOBATION  OF  THE  ELBOW-JOINT 
APTEE  SUBPEEIOSTEAIi  EXCISION  (ANTEEIOB 

view). 

A,  Humerus  ;  b,  Eadius  ;  c,  Ulna ;  D,  Exter- 
nal tuberosity  ;  E,  Internal  tuberosity  ;  P, 
Coronoid  process  with  mammillary  forma- 
tions of  bone ;  a,  Level  at  which  the  new 
formation  of  bone  is  su])posed  to  have  com- 
menced ;  1,  External  lateral  ligament ;  2, 
Intei'nal  lateral  ligament ;  3,  Annular  liga- 
ment of  radius.  {OlHcr.) 
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tion  of  the  periosteum  will,  in  nearly  every  instance,  bo  most 
imdesirable. 

In  the  next  place,  the  subperiosteal  operation  involves 
a  considerable  period  of  time  in  the  performance,  and  the 
shock  following  the  procedure  may  be  not  inconsiderable.  In 
this  respect  it  compares  unfavourably  with  an  excision  by 
the  open  method,  where  the  actual  steps  of  the  operation  are 
simple  and  the  process  quick. 

Summary. — It  may  be  said,  in  conclusion,  that  the  sub- 
periosteal operation  is  excellent  in  theory,  but  it  is  only 
excellent  in  practice  in  selected  cases.  Although  it  is  the  pro- 
cedure which  should  be  adopted  whenever  possible,  it  can 
never  become  a  routine  method  of  performmg,  excision.  It 
is,  indeed,  of  somewhat  limited  application.  A  partial  sub- 
periosteal resection  may  often  be  carried  out  in  instances 
where  the  complete  operation  is  impossible,  and  there  must  be 
few  cases  in  which  it  is  not  desirable  to  take  every  precaution 
to  preserve  the  connections  of  ligaments  and  the  periosteal 
attachments  of  tendons. 

The  open  method,  practised  as  it  was  in  the  earlier  days  of 
surgery,  when  ligaments  and  tendons  were  divided  without 
scruple,  may  be  safely  regarded  as  a  matter  of  the  past ;  but 
such  a  modification  of  this  method  as  the  subperiosteal  pro- 
cedure suggests  is  of  great  and  wide-extending  value. 

Circumstances  that  Influence  the  Result  of  Excision 
Operations. 

So  far  as  excisions  of  joints  are  concerned,  the  conditions 
that  may  be  considered  under  this  heading  are  very 
mimerous,  and  can  only  be  dealt  with  in  outline.  They  con- 
cern not  only  those  general  circumstances  that  influence  the 
healing  of  wounds  and  the  recovery  of  patients  after  operation, 
but  embrace  certain  local  features  that  are  more  or  less 
obvious. 

The  success  of  the  operation  will  depend  upon  the  age  of 
the  patient,  upon  his  condition,  upon  his  powers  of  exhibiting 
repair  from  extensive  wounds,  and  upon  the  general  circum- 
stances that  affect  primary  healing. 

His  nervous  condition  is  a  matter  of  importance,  as  is  also 
his  capacity  for  submitting  to  a  tedious  and  often  painful  after- 
treatment.    The  question  of  antisepticism  needs  but  to  bo 
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mentioned.  ,So  far  as  the  operation  is  concerned,  much  will 
depend  upon  the  state  of  the  tissues,  upon  the  nature  of  the 
disease,  upon  the  amount  of  bone  removed,  upon  the  complete 
eUmination  of  the  morbid  structures,  and  upon  the  safety  of 
important  tissues  in  the  vicinity  of  the  operation. 
The  After-treatment. 

Few  operations  can  be  cited  in  which  the  after-treatment 
is  more  important,  and  in  which  it  has  a  greater  influence 
upon  the  success  of  the  case.  However  well  the  excision  may 
have  been  carried  out,  and  however  favourable  the  case  may 
be,  the  whole  complexion  may  be  altered  and  transformed  by 
neglect  in  the  after-treatment. 

The  wound  must  be  kept  aseptic,  and  in  general  terms  it 
may  be  said  that  dry  and  infrecpient  dressings  should  be 
mainly  relied  upon. 

The  splint  nuist  be  selected  with  care,  and  must  be  applied 
with.  23recision.  The  principal  features  in  the  after-treatment 
arc  identical  with  those  attending  the  care  of  compound 
fractures. 

The  position  of  the  limb  must  be  accurately  prescribed. 
If  anchylosis  be  wished  for,  the  bones  must  be  brought  into 
close  contact,  and  must  be  kept  in  very  rigid  relation  with  one 
another. 

If  it  be  intended  that  a  movable  articulation  should 
result,  then  the  approximation  of  the  bones  should  be  less  close. 

No  rule  can  be  given  that  will  render  definite  the  precise 
degree  of  separation  of  parts  that  is  desirable  after  the  opera- 
tion. The  approximation  will  be  less  close  in  adults  than 
in  young  subjects,  and  in  cases  where  much  periosteum  has 
been  preserved  than  in  those  where  much  has  been  lost. 

It  may  be  that  a  week  or  so  will  have  to  elapse  before  the 
surgeon  can  satisfy  himself  that  the  adjustment  of  the  sawn 
ends  of  the  bones  is  the  best  that  can  be  attained. 

In  some  instances,  notably  those  associated  with  existing 
deformity  of  the  joint,  it  may  not  be  wise  to  enforce  the  ideal 
position  at  once,  but  the  limb  will  have  to  be  brought  gradually 
into  the  desired  attitude. 

When  mobility  is  desired,  passive  movements  will  have  to 
be  undertaken.  These  may  generally  be  commenced  as  soon 
as  the  inflammatory  symptoms  have  subsided,  and  as  soon  as 


EXCISION  OF  JOINTS  AND  BONES. 


609 


the  sensitiveness  of  the  part  has  become  less  acute.  In  most 
cases  this  will  be  represented  by  a  period  varying  from  one  to 
three  Aveeks. 

The  treatment  of  the  general  health,  the  duration  of  the 
treatment  by  apparatus,  and  the  employment  of  massage  and 
electricity  Avill  depend  upon  general  principles. 

Results. 

Ollier's  statistics  deal  with  274  cases  of  excisions  of  joints 
performed  by  himself  between  the  years  1861  and  1884.  The 
mortality  of  the  whole  series  is  31-02  per  cent.,  which  Oilier 
divides  in  the  folloAving  manner  : — 

Deaths  fi'om  the  actual  operation  ...       ...       ...  1 3 •  1 3  per  cent. 

Deaths   due  to  a  continuation  of   the  primary 

disease  (tuberculosis)      ...  ...       ...       ...  13-13  ,, 

Deaths  from  intercurrent  diseases    ...  4"7o  „ 

The  mortality  after  excisions  for  injury  was  51'8  per  cent., 
and  after  excisions  for  disease  28"4  per  cent. 

The  mortality  due  to  the  actual  operation  prior  to  the 
employment  of  antiseptic  measures — i.e.,  before  1878 — was 
23 '3  per  cent.,  and  after  that  was  4 '8  per  cent. 

MacCormac  gives  the  following  as  the  mortality  following 
individual  resections  for  disease.  The  period  covered  is  from 
1876  to  1885  inclusive,  and  all  the  operations  were  performed 
at  St.  Thomas's  Hospital : — 

Shoulder    lO-O  per  cent. 

Elbow   2--1  ,, 

"Wrist   O'O 

Hip    7-8 

Knee   9-0  „ 

Ankle   7-1 

Otis  gives  the  mortality  after  resections  of  various  kinds 
for  gunshot  injury  as  27-6  per  cent. 

The  mortality  after  excisions  in  general  is  high  before  five 
years  of  age  and  after  thirty.  The  most  favourable  results  are 
obtained  in  children. 

In  England  these  operations  are  not  very  frequently  per- 
formed. At  the  London  Hospital,  during  the  four  years  ending 
December  31,  1888,  only  thirty  excisions  of  articulations 
were  performed  (twelve  of  the  elbow,  ten  of  the  knee,  four  of 
the  wrist,  and  four  of  the  hip).  Of  this  number  one  patient 
died,  after  excision  of  the  hip,  from  tubercular  meningitis. 

N  N 
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CHAPTER  IX. 
Excisions  of  the  Fingers,  Thumh,  and  Metacarpus. 


These  operations  are  but  seldom  required,  and  can  but  very 
rarely  be  carried  out  upon  precise  and  systematic  lines. 

Most  of  the  so-called  excisions  of  bones  consist  of  re- 
moving large  necrosed  fragments,  such  as  that  formed  by  the 

ungual  phalanx  after  whitlow,  or  as 
may  be  produced  in  the  diaphysis  ot 
a  metacarpal  bone. 

Not  a  few  of  the  bone  excisions 
in  this  region  described  in  some  text- 
books could  scarcely  ever  be  applied 
to  the  living  subject. 

Excisions  of  the  joints  have  been 
carried  out  in  the  treatment  of  sup- 
purative inflammation,  anchylosis, 
deformity,  and  unreduced  dislocation, 
and  have,  with  certain  reservations, 
proved  moderately  successful. 

Anatomical  points.  —  The  pha- 

Blanges  and  metacarpal  bones  consist 
of  a  shaft  and  of  one  epiphysis. 

In  the    four  inner  metacarpal 
bones  the  epiphysis  is  at  the  distal 
end  of  the  bone,  and  forms  the  head. 
In  the  metacarpal  bone  of  the  thumb 
and  in   the  phalanges  the  epiphysis  is  at  the  proximal 
extremity  (Fig.  172). 

There  is  usually  a  trace  of  an  epiphysis  in  the  head  of  the 
first  metacarpal  bone  about  the  age  of  seven  years. 

The  epiphyses  commence  to  ossify  about  the  fourth  year, 
and  join  the  shafts  about  the  twentieth  year. 
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1.  Terminal  Phalanges. 

The  ungual  phalanx  may  be  conveniently  excised  through 
a  U-shaped  palmar  incision,  which  will  circumscribe  the  pulp 
of  the  digit.  The  curved  extremity  of  the  U  is  brought  close 
to  the  nail.  The  base  of  the  little  bone  should  be  preserved 
if  possible,  as  it  forms  the  epiphysis  and  gives  attachment  to 
the  flexor  profundus  digitorum. 

2.  Inter-phalangeal  Joints. 

A  single  lateral  incision  is  made  upon  one  or  other  side  of 
the  joint  in  the  long  axis  of  the  phalanx.  If  the  cut  be  placed 
opposite  to  the  centre  of  the  digit — as  regards  its  width  from 
dorsum  to  palm — the  vessels  and  tendons  will  be  avoided 
(Fig.  173,  B). 

The  lateral  ligament  being  divided,  the  bones  are  made 
to  protrude,  are  carefully  cleared  of  soft  parts,  and  are  then  re- 
moved with  a  very  fine  saw.  To  safely  effect  this  section  a 
grooved  curved  director  should  be  introduced  to  receive  the  saw. 

If  two  lateral  incisions  be  employed,  the  operation  is 
rendered  much  easier. 

3.  Metacarpo-phalangeal  Joints. 

Precisely  the  same  method  is  employed  as  in  the  above 
case.  If  a  single  lateral  incision  be  made  use  of,  it  should  be 
placed  externally  in  the  case  of  the  thumb  and  index  finger, 
internally  in  the  case  of  the  little  finger,  and  to  one  or  other 
side  of  the  dorsal  aspect  of  the  joint  when  the  other 
metacarpo-phalangeal  joints  are  concerned  (Fig.  173,  a  and  c). 

4.  Metacarpal  Bone  of  the  Thumb. 

In  this  little  operation  the  subperiosteal  method  should, 
whenever  practicable,  be  very  precisely  carried  out. 

The  hand  is  held  firmly  upon  a  table,  with  the  radial  side 
uppermost. 

An  incision  is  made  along  the  outer  side  of  the  metacarpal 
bone,  and  is  so  placed  as  to  lie  over  the  lateral  border  of  the 
bone  and  to  be  upon  the  anterior  or  palmar  side  of  the 
extensor  tendons.  The  incision  is  carried  in  one  direction 
over  the  metacarpo-phalangeal  joint,  and  in  the  other  over 
the  trapezium  (Fig.  173,  d). 

In  dividing  the  soft  parts,  care  is  taken  to  avoid  the  branch 
from  the  radial  nerve  to  the  outer  side  of  the  thumb. 

The  bone  is  exposed,  and  the  separation  of  the  periosteum 
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is  commenced  at  the  centre  of  the  shaft.  Small  rugines  are 
required,  the  surgeon  using  at  first  a  straight  one  and 
afterwards  a  curved  instrument.  The  soft  parts  are  cleared  up 
to  the  head  of  the  bone,  where  the  structures  of  the  joint  are 

separated  and  the 
head  ol'  the  bone  is 
niade  free. 

This  end  — 
quite  stripped — is 
made  to  protrude 
through  the  wound, 
and  is  seized  and 
held  by  lion  for- 
ceps. 

The  surgeon 

Fig.  173.-A,  Excision  of  metacarpo-phalaugeal  joint     ^^^^    prOCCCds  tO 
of  index  ;  B  B,  Excision  of  iiiter-phalangeal  joint  of     dcCOrticatC  tllC  rCSt 
tliumb  ;  c,  Excision  of  metacarpo-phalangeal  joint  of       ^  , ,    '  ,  n 
thumb  ;  D,  Excision  of  first  metacarpal  bone.  01  tUC  DOnC  aS  lar 

back  as  the  proxi- 
mal joint.  The  muscular  attachments  are  separated  with  the 
periosteum,  and  the  whole  bone  is  removed. 

It  Avill  be  obvious  that  this  subperiosteal  method  can  only 
be  carried  out  under  quite  exceptional  circumstances,  and  in 
young  subjects. 

Whether  the  subperiosteal  method  be  pursued  or  not,  the 
steps  of  the  operation  will  be  the  same. 

5.  Metacarpal  Bones  of  the  Fingers. 

An  incision  is  so  made  along  the  dorsal  aspect  of  the 
metacarpal  bone  as  to  avoid  the  extensor  tendons.  The  bone 
is  exposed,  and  the  centre  of  the  shaft  is  well  cleared. 
Around  this  portion  of  the  bone — when  entirely  freed — a 
much-curved  director  is  passed,  and  the  bone  is  divided  b}'^ 
means  of  cutting  forceps.  Each  divided  end  can  now  in  turn 
be  seized  Avith  lion  forceps,  be  freed  of  its  soft  parts,  and  be 
removed.    The  bone  is  therefore  excised  in  two  segments. 

Comments  and  Results. — It  is  certainly  better,  Avhenever 
possible,  to  excise  the  ungual  phalanx  rather  than  to 
amputate  the  end  of  the  digit. 

Excisions  of  the  inter-phalangeal  joints  have  afforded  very 
satisfactory  results. 
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Excision  o±  the  metacarpo-plialangeal  joint  of  a  finger  is 
not  an  operation  in  favour  of  which  nnich  can  be  said.  It  is 
apt  to  leave  a  flail-hke  finger,  which  is  possibly  an  actual 
source  of  inconvenience. 

In  young  subjects  this  operation  should  not  be  performed, 
as  it  involves  the  destruction  of  the  epiphysis  of  both  the 
metacarpal  bone  and  of  the  phalanx. 

Excision  of  the  metacarpo-phalangeal  joint  of  the  thumb 
has,  on  the  other  hand,  been  followed  by  very  exceUent 
results.  The  importance  of  saving  any  part  of  a  thumb  is  well 
recognised,  and  a  most  useful  dio^it  has  been  left  after  the 
removal  of  portions  of  the  metacarpal  bone  of  the  thumb. 
This  especially  applies  to  cases  in  which  the  base  of  the  bone 
— which  represents  the  epiphysis — has  been  left. 

The  results  which  have  followed  the  resection  of  the  entire 
bone  have  not  been  very  satisfactory,  even  when  the  sub- 
periosteal method  has  been  carefully  carried  out.  This  method 
should  be  adopted  in  all  cases  of  excision  of  the  first  meta- 
carpal bone,  unless  distinctly  contra-indicated  or  impossible. 

Small  portions  of  the  shafts  of  the  metacarpal  bones  of  the 
fingers  have  been  removed-  without  much  impairment  of  the 
hand ;  but  excision  of  the  entire  bone,  even  Avhen  performed 
subperiosteally,  is  a  useless  operation.  The  finger  concerned 
is  deformed,  and  more  or  less  powerless  and  in  the  way.  The 
same  may  be  said  of  such  excisions  as  involve  the  removal  of 
the  whole  of  the  epiphysis. 
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CHAPTER  X. 

Excision  of  the  Wrist. 

This  operation,  Avhen  complete,  consists  in  the  removal  of 
the  whole  of  the  carpus,  the  lower  ends  of  the  radius  and  ulna, 
and  the  articular  extremities  of  the  metacarpus. 

It  has  been  performed  in  cases  of  chronic  bone  disease 
involving  the  carpus,  and  in  chronic  joint  disease  implicating 
the  articulations  of  the  wrist  and  hand.  It  has  been  carried 
out  also  in  certain  cases  of  injury,  and  in  the  treatment  of 
gunshot  wounds,  unreduced  dislocations,  and  anchylosis. 

Excision  of  the  Avrist  ajDpears  to  have  been  first  performed 
by  Moreau  in  1794.  The  patient,  a  man  aged  71,  died.  The 
operation  was  not  favourably  regarded  -  by  surgeons,  and  for 
many  years  Moreau  had  few  imitators.  In  1865  Sir  Joseph 
Lister  published  an  account  of  an  operation  {Lancet,  \o\.  i., 
1865,  page  308)  in  which  he  for  the  first  time  insisted  upon 
the  importance  and  showed  the  possibility  of  removing  the 
whole  of  the  diseased  bones.  He  made  use  of  a  dorso-radial 
incision,  and  liis  operation  was  no  doubt  the  forerunner  of  the 
methods  now  in  vogue. 

Boeckel  had  in  1862  employed  a  single  dorso-radial 
incision,  but  it  was  not  until  1867  {Gazette  oned.  de  Stras- 
bourg, 1867,  page  184)  that  he  perfected  his  procedure  and 
applied  the  subperiosteal  method  to  excision  of  the  wrist. 
Langenbeck  {Arcldv.  filr  klin.  Ohirurgie,  1874)  followed 
Boeckel  practically  without  modification.  OUier's  operation — 
which  is  described  below  as  the  best  method — is  but  a  modi- 
fication of  the  original  procedure  of  Boeckel. 

Anatomical  Points. — The  wrist-joint  is  separated  from 
the  lower  radio-ulnar  joint  by  the  triangular  cartilage  which 
is  attached  by  its  apex  to  the  styloid  process  of  the  ulna  and 
by  i,ts  base  to  the  inner  margin  of  the  articular  surface  of  the 
radius,  where  it  blends  with  the  articular  cartilage. 
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The  joint  is  protected  by  strong  tendons.  On  the  inner 
side  are  the  extensor  and  flexor  carpi  ulnaris ;  on  the  outer 
side  the  extensor  ossis  nietacarpi  poUicis,  the  extensores  primi 
and  secundi  internodii  poUicis,  and  the  two  radial  extensors  of 
the  carpus ;  in  front  are  the  deep  and  superficial  flexors  of  the 
fingers,  the  flexor  lon- 
gus  pollicis,  palmaris 
longns,  and  flexor 
carpi  radialis.  Pos- 
teriorly are  the  ten- 
dons of  the  extensor 
indicis,  extensor  com- 
munis, and  extensor 
minimi  digiti. 

These  tendons,  on 
passing  the  \mst,  are 
— with  the  exceptions 
of  the  palmaris  longus 
and  flexor  carpi  ul- 
naris—  enveloped  by 
the  synovial  sheaths, 
the  positions  of  which 
are  shown  in  Fig.  174. 

The  bones  are 
united  by  means  of  a 
capsular  ligament  of  which  the  anterior  part  (the  so-called 
anterior  ligament)  is  the  strongest  portion.  The  posterior 
part  is  quite  thin.  More  substantial  fibres  exist  upon  the 
lateral  parts  of  the  capsule— the  so-called  external  and  internal 
lateral  ligaments. 

A  more  or  less  complete  layer  of  ligamentous  tissue  covers 
the  anterior  and  posterior  surfaces  of  the  carpus,  and  to 
thickened  portions  of  it  various  names  are  given.  Oilier 
would  Have  the  carpus  regarded  surgically  as  one  short  Avide 
bone,  capped  with  cartilage  at  either  end,  and  covered  with 
ligamentous  tissue  of  unequal  thickness. 

In  the  wrist  and  the  carpus  are  seven  separate  synovial 
sacs,  the  disposition  of  six  of  which  is  shoAvn  in  Fig.  175.  The 
seventh  sac  is  a  minute  one  between  the  pisiform  and  cunei- 
form bones. 


Fig.    174. — SHCTION    THBOUGH  THE  WEIST.  {After 

Senle.) 


\,  Scaphoid  ;  b,  Os  magnum  ;  C,  Semilunar  ;  D,  Semi- 
lunar ;  E,  Unciform  ;  F,  Cuneiform  ;  G,  Pisiform  ; 
H,  Compartment  for  flexor  tendons ;  I,  Flexor 
carpi  radialis  ;  j,  Extensor  ossis,  metacarpi  pollicis, 
and  extensor  primi ;  k,  Extensores  carpi  radialis 
longior  and  brevior  ;  L,  Extensor  secundi  inter- 
nodii pollicis ;  sr,  Extensores  communis  and 
imlicis ;  n,  Extensor  minimi  digiti ;  o,  Extensor 
carpi  ulnaris ;  V,  Palmaris  longus ;  a.  Ulnar 
vessels  ;  h.  Radial  vessels  ;  1,  Ulnar  nerve. 
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It  will  be  observed  that  the  sac  between  the  trapezium  and 
the  first  metacarpal  bone  is  quite  distinct. 

_  Figs.  176  and  177  show  the  position  and  extent  of  the  lower 
epiphyses  of  the  radius  and  ulna.    They  jom  with  the  shafts 

of  their  respective  bones 
about  the  twentieth  year. 
The  lower  extremity  of  the 
diaphysis  of  the  ulna  just 
reaches  to  the  radio-ulnar 
joint ;  the  lower  end  of  the 
diaphysis  of  the  radius  is 
intra-synovial. 

The  carpus  is  entirely 
cartilaginous  at  birth,  and 
the  bones  commence  to 
ossify  between  the  first 
year  (os  magnum)  and  the 
twelfth  year  (pisiform) 
after  birth.  The  tra- 
pezium is  an  important 
bone  from  an  operative 
point  of  view.  It  supports 
the  thumb,  is  in  very 
close  relation  with  the 
radial  artery,  forms  a 
groove  for  the  flexor  carpi  radialis,  and  gives  attachment  to 
the  opponens  polhcis,  the  abductor  poUicis,  and  the  flexor 
brevis  pollicis. 

The  tendons  at  the  back  of  the  wrist  can  be  well  made  out 
in  the  healthy  hand.  The  most  conspicuous  belongs  to  the 
extensor  secundi  internodii  pollicis.  It  is  rendered  distinct 
when  the  thumb  is  extended  and  abducted.  It  leads  up  to 
a  small  but  prominent  bony  elevation  on  the  back  of  the  radius, 
which  marks  the  outer  border  of  the  osseous  groove  for  its 
reception.  This  tendon,  when  it  reaches  the  radius,  points  to  the 
centre  of  the  posterior  surface  of  that  bone,  and  indicates  also 
roughly  the  position  of  the  interval  between  the  scaj)hoid  and 
semilunar  bones. 

The  lower  end  of  the  ulna  is  very  distinct.  When  the 
hand  is  supine,  its  styloid  process  is  exposed  at  the  inner 
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and  posterior  aspect  of  the  wrist  to  the  inner  side  of  the 
extensor  carpi  ulnaris.  In  pronation,  however,  the  process  is 
rendered  less  distinct,  while  the  head  projects  prominently  on 
the  posterior  part  of  the  wrist,  and  is  found  to  lie  between  the 
tendons  of  the  extensor  carpi 
ulnaris  and  extensor  minimi 
digiti. 

The  tip  of  the  styloid  pro- 
cess of  the  ulna  corresponds  to 
the  hue  of  the  wrist-joint,  and 
a  knife  introduced  below  that 
joint  would  enter  the  articula- 
tion. 

A  knife  entered  horizon- 
tally just  below  the  tip  of  the 
styloid  process  of  the  radius 
would  hit  the  scaphoid  bone. 

A  line  drawn  between  the 
two  styloid  processes  slopes 
downwards  and  outwards ;  its 
two  extremities  represent  the 
extreme  inferior  Hmits  of  the 
radio-carpal  joint,  and  it  fairly 
corresponds  to  the  chord  of  the 
arc  formed  by  the  line  of  that 
joint.  The  line  between  the 
styloid  processes  is  nearly  half  an  inch  below  the  summit  of 
the  arch  of  the  wist-joint. 

The  radial  artery  winds  round  to  the  back  of  the  wrist, 
just  below  the  styloid  process  of  the  radius,  lying  upon  the 
external  lateral  ligament  of  the  joint,  and  between  the 
extensors  of  the  metacarpal  bone  and  first  phalanx  of  the 
thumb.  It  then  runs  over  the  scaphoid  and  trapezium, 
and,  as  it  is  about  to  dip  between  the  two  heads  of  the 
abductor  indicis,  is  close  to  the  carpo-metacarpal  joint  of  the 
thumb. 

The  position  of  such  branches  of  the  radial  and  ulnar 
arteries  as  are  distributed  in  the  neighbom-hood  of  the  wrist 
must  be  borne  in  mind.  The  vessels  most  apt  to  be  wounded 
in  excision  of  the  wrist  are  the  radial,  the  deep  palmar  arch. 


Fig.  176. — LOWER  END  OF  THE  BABroS 

IN  A  SUBJECT  AGED  16.  (After  Oilier.) 

A,  Epiphysis  ;  b,  Lateral  ligament  ;  c, 
Synovial  membrane  of  radio-ulnar 
joint ;  D,  Triangular  ligament. 
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the  anterior  and  posterior  carpal  arches,  and  the  dorsal 
interosseous  branch  of  the  radial. 

1.  OUier's  Operation  (by  two  Dorsal  Incisions). 

Those  surgeons  who  have  most  conspicuously  concerned 
themselves  with  excision  of  the  wrist  urge  that  the  opera- 
tion should,  whenever  possible,  be  performed  by  the  sub- 
periosteal method,  and  that  that 
method  should  be  observed  even  in 
instances  when  it  must  on  account 
of  local  conditions  be  of  necessity  in- 
complete. 

Ollicr's  operation  appears  to  me  to 
be  the  best  of  the  many  methods 
which  are  at  present  employed  for  ex- 
cising the  wrist.  The  procedure  is 
merely  a  modification  of  Boeckel's 
operation,  and,  so  far  as  the  external 
incisions  are  concerned,  does  not  differ 
very  conspicuously  from  the  still  older 
method  of  Lister. 

O'perution. — The  patient  lies  upon 
the  back,  and  the  hand  is  placed  on  a 
small  table  by  the  side  of  the  opera- 
tion table,  and  is  allowed  to  rest  upon 
a  large  sand-bag  covered  with  mac- 
intosh. The  surgeon  sits  facing  the 
patient.  Such  adhesions  as  prevent  a 
moderate  degree  of  movement  should  be  broken  down.  It  is 
better  that  an  Esmarch's  tourniquet  should  not  be  used. 
The  operation  is  of  considerable  duration,  and  the  oozing 
which  follows  the  removal  of  the  elastic  band  is  usually  very 
considerable,  and  is  a  great  obstacle  to  healing. 

(a)  The  Incisions. — Two  landmarks  are  taken,  viz.,  the 
centre  of  a  line  uniting  the  two  styloid  processes  and  the 
tendon  of  the  extensor  indicis,  or,  in  default  of  it,  the  base  of 
the  second  metacarpal  bone.  The  radial  incision  commences 
opposite  to  the  centre  of  the  shaft  of  the  second  metacarpal 
bone,  and  is  continued  obliquely  upwards  along  the  outer  side 
of  the  extensor  indicis  tendon  to  a  point  corresponding  to  the 
centre  of  a  line  uniting  the  two  styloid  processes.    From  this 


Fig.  177. — LOWEE  END  OF 
THE   ULNA   IN  A  SUBJECT 

AGED  16.    {After  Oilier.) 

A,  Epiphysis;  B,  Synovial 
membrane  ;  c,  Triangular 
ligament ;  D,  Lateral  liga- 
ment. 
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point  the  incision  is  carried  vertically  upwards  in  the  line  ot 
the  long  axis  of  the  limb  (Fig.  178,  a). 

In  a  laro-e  hand  the  whole  incision  will  measure  about 
4i  inches — 3  inches  of  the  length  being  below  the  line  of  the 
articulation,  and  li  inch  above  it. 

Having  divided  the  integuments,  the  surgeon  brings  the 
extensor  indicis  into  view,  but  Avithout  opening  its  sheath. 

It  is  drawn  gently  outwards  by  means  of  a  hook,  and  the 
insertion  of  the  extensor  carpi  radialis  brevior  is  sought  for. 
The  knife  is  now  carried  well  down  to  the  bones  along  the 
whole  length  of  the  incision.  This  cut  will  commence  to  the 
inner  side  of  the  tendon  last  named,  and  will  fall  upon  the 
base  of  the  third  metacarpal. 

The  capsule  of  the  joint  is  opened,  the  posterior  annular 
ligament  is  divided,  and  the  upper  part  of  the  deep  incision 
falls  in  the  interval  between  the  extensor  indicis  and  the 
extensor  secundi  internodii  poUicis. 

The  former  tendon  is,  with  the  extensor  communis,  drawn 
inwards,  the  latter  outwards. 

The  ulnar  incision  is  now  made.  It  extends  from  a  point 
one  inch  and  a  quarter  above  the  tip  of  the  ulnar  styloid 
process  to  a  point  one  inch  and  a  quarter  above  the  base  of 
the  fifth  metacarpal  bone.  It  is  placed  to  the  inner  side  of 
the  extensor  carpi  ulnaris. 

The  incision  is  carried  down  to  the  bones,  and  falls  upon 
the  ulna,  the  cuneiform,  and  the  unciform. 

In  making  these  incisions  care  should  be  taken  not  to  cut 
the  dorsal  branch  of  the  ulnar  nerve  to  the  little  finger,  or  the 
internal  division  of  the  dorsal  branch  of  the  radial  nerve. 

(h)  The  Removal  of  the  Carpus. — Starting  from  the  incisions 
already  made,  the  surgeon  proceeds  to  strip  the  carpal  bones  of 
their  ligamentous  and  periosteal  coverings.  Small  rugines  of 
various  shapes  are  used  for  this  purpose.  The  decortication 
may  be  most  conveniently  commenced  on  the  radial  side,  and 
the  dorsal  aspect  of  the  bones  be  exposed  before  the  palmar. 
As  each  bone  is  freed,  it  should  be  seized  with  forceps  and 
removed.  Diseased  bone  is  removed  by  means  of  the  gouge. 
The  bones  of  the  ulnar  side  will  be  removed  through  the 
ulnar  incision. 

The  pisifoi-m  bone  may  usually  be  left.     The  unciform 


620 


OPERATIVE  SURGERY. 


process  may'  be  cut  through  and  removed  subsequently  it 
found  diseased.  The  trapezium  should  be  saved  Avhenever 
possible. 

This  is  the  most  tedious  part  of  the  operation,  especially  if 
the  subperiosteal  method  be  strictly  adhered  to. 

(c)  The  Removal  of  the  Ends  of  the  Radius  and  Ulna. — 
The  hand  is  now  loose.  The  loAver  ends  of  the  bones  of  the 
forearm  are  bared  of  periosteum  as  high  up  as  is  necessary. 
They  are  made  to  protrude  through  the  wound,  and  are  divided 
by  means  of  a  fine  saw.  If  very  little  disease  exists,  a  hberal 
gouging  of  the  parts  may  meet  the  needs  of  the  case. 

(d)  The  Removal  of  the  Ends  of  the  Metacarpal  Bones. — 
This  may  not  be  necessary.  As  little  of  these  bones  is 
removed  as  is  possible,  and  the  section  Avill  probably  extend 
no  further  than  the  limits  of  the  carpal  synovial  sacs. 

The  bones  are  made  to  project  through  the  Avound,  and  are 
severed  as  required  by  means  of  a  fine  saw. 

(e)  The  Avound  is  united,  a  drainage-tube  is  introduced,  and 
the  hand  is  adjusted  upon  a  special  splint. 

Comment. — This  operation  must  be  subject  to  very  con- 
siderable modification.  It  is  tedious  and  difficult,  and  involves 
infinite  care.  It  may  be  impossible  to  carry  out  the  sub- 
periosteal method  completely.  Oilier  maintains  that  if  this 
method  be  completely  observed,  the  attachments  of  no  tendons 
are  lost. 

By  the  open  method  the  tendons  of  the  tAvo  radial 
extensors  of  the  carpus,  the  tendons  of  both  the  extensor  and 
the  flexor  of  the  ulnar  side  of  the  carpus,  the  flexor  carpi 
radialis  tendon,  and  possibly  that  of  the  supinator  longus,  may 
be  sacrificed.  The  tAvo  first-named  tendons  are,  indeed,  cut 
through. 

The  steps  of  the  operation  may  be  altered.  The  radius 
and  ulna  may  be  saAvn  through  first,  and,  the  carpus  being 
exposed  in  the  Avound,  the  bones  may  be  removed  one  by  one 
as  they  are  reached. 

By  this  means  the  palmar  surfaces  of  the  carpal  bones 
can  be  more  easily  freed  of  their  periosteo-ligamentous 
covering. 

If  a  considerable  portion  of  both  radius  and  ulna  has  to  be 
removed,  each  bone  may,  Avhen  freed  of  periosteum,  be  divided 
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by  a  fine  chain  saw.  Throughout  the  operation  small  instru- 
ments and  good  retractors  must  be  used. 

The  decortication  of  the  bones  is  very  ditiicult  in  certain 
cases  and  m  other  than  young  subjects.  On  the  ordinary 
dissecting-room  subject  it 
is  often  almost  impossible. 
When  the  parts  have  long 
been  involved  in  chronic 
inflammation,  the  separa- 
tion of  the  periosteum  is 
easier. 

In  most  cases  the  hand 
is  already  distorted,  the 
joints  are  stiii',  the  soft  parts 
are  greatly  thickened,  the 
area  of  the  operation  is 
occupied  by  many  sinuses, 
and  the  synovial  sheaths 
of  the  tendons  have  been 
more  or  less  obhterated  by 
disease. 

2.  Other  Methods. 
It  is  needless  to  speak 
of  the  method  of  excising 
the  wist  through  a  dorsal 
flap,  as  practised  by  Vel- 
peau,  nor  of  the  H -shaped 
incisions  once  in  vogue. 

Maisonneuve  in  1853 
(Gazette     des  Hopitaux, 
1853,  page  280)  made  use  of 
a  single  median  dorsal  incision,  and  of  late  years  more  than 
one  surgeon  has  revived  this  procedure  in  a  modern  form. 

(a)  BoecheVs  Operation. — This  is  sometimes  described  as 
Langenbeck's  operation,  the  two  procedures  being  practically 
identical.  A  single  dorsal  incision  is  made  upon  the  radial 
side.  This  incision  is  straight,  is  placed  in  the  interval  between 
the  extensor  indicis  and  the  extensor  secundi  internodii  pollicis, 
and  is  made  to  closely  follow  the  radial  border  of  the  first  of 
these  tendons  (Fig.  178,  b).  In  a  large  hand  the  incision  is  about 
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Ollier's  incision  for  radial  side  ;  B  b', 
Boeckel's  incision. 
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tour  and  three-quarter  inches  in  length,  extending  three  and 
a  quarter  inches  below  the  joint-line,  and  one  inch  and  a  half 
above  it.  In  a  small  hand  the  cut  would  be  about  three  and 
a  half  inches  in  length,  reaching  one  inch  and  a  quarter 
above  the  line  of  the  articulation,  and  two  and  a  quarter 
inches  below  it. 

The  tendons  of  the  extensors  of  the  radial  side  of  the 
carpus  are  cut,  the  operation  is  carried  out  subperiosteally, 
and  in  the  manner  already  described. 

The  incision  is  not  quite  so  conveniently  placed  in  this 
operation  as  it  is  in  Ollier's,  and  the  latter  procedure  is 
rendered  simpler  by  the  introduction  of  a  small  ulnar  m- 
cision. 

Boeckel's  incision  renders  it  almost  impossible  to  avoid 
cutting  the  extensor  carpi  radialis  brevier  tendon. 

The  bend  in  the  wound-line  in  Ollier's  operation  is  mainly 
for  the  purpose  of  avoiding  this  tendon. 

(6)  Sir  Joseph  Lister's  Operation. — This  may  be  taken  as 
a  good  example  of  the  open  method  of  excision,  as  distin- 
guished from  the  subperiosteal  plan. 

The  operation  is  thus  described  by  Mr.  Jacobson,  his 
account  being  a  little  fidler  than  that  given  m  the  original 
text.  The  radial  incision  is  made  as  in  Fig.  179: — "This 
incision  is  planned  so  as  to  avoid  the  radial  artery,  and  also 
the  tendons  of  the  extensor  secundi  internodii  and  indicis. 
It  commences  above,  at  the  middle  of  the  dorsal  aspect  of  the 
radius,  on  a  level  with  the  styloid  process.  Thence  it  is  at 
first  directed  towards  the  inner  side  of  the  metacarpo- 
phalangeal joint  of  the  thumb,  running  parallel  in  this  course 
to  the  extensor  secundi  internodii ;  but  on  reaching  the  line  of 
the  radial  border  of  the  second  metacarpal  bone,  it  is  carried 
downwards  longitudinally  for  half  its  length,  the  radial  artery 
being  thus  avoided,  as  it  lies  a  little  farther  out.  These  direc- 
tions will  be  found  to  serve,  however  much  the  parts  may  be 
obscured  by  inflammatory  thickening.  The  tendon  of  the 
extensor  carpi  radialis  longior  is  next  detached  Avith  the  knife, 
guided  by  the  thumb-nail,  and  raised,  together  with  that  of 
the  extensor  brevier,  also  cut;  while  the  extensor  secundi 
internodii,  with  the  radial  artery,  is  thrust  somcAvhat  outAvards. 
The  next  step  is  the  separation  of  the  trapezium  from  the  rest 
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of  the  carpus  by  cutting  forceps  applied  in  a  line  with  the 
longitudinal  part  of  the  incision,  great  care  being  taken  of  the 
radial  artery.  The  removal  of  the  trapezium  is  left  till  the 
rest  of  the  carpus  has  been  taken  away,  when  it  can  be  dis- 
sected out  without  much  difficulty,  whereas  its  intimate 
relations  with  the  artery  and  neighbouring  parts  would  cause 
much  trouble  at  an  earlier  stage.  The  soft  parts  on  the  ulnar 
side  are  next  dissected  up  as  far  as  possible,  the  hand  being 
bent  back  to  relax  the  extensors. 

"  The  ulnar  incision  should  be  made  very  free,  by  entering 
the  knife  at  least  two  inches  above  the  end  of  the  ulna 
immediately  anterior  to  the  bone,  and  carrying  it  down 
between  the  bone  and  flexor  carpi  ulnaris,  and  on  in  a  straight 
line  as  far  as  the  middle  of  the  fifth  metacarpal  bone  at  its 
palmar  aspect.  The  dorsal  lip  of  the  incision  is  then  raised, 
and  the  tendon  of  the  extensor  carpi  ulnaris  cut  at  its 
insertion,  and  its  tendon  dissected  up  from  its  groove  in  the- 
ulna,  care  being  taken  not  to  isolate  it  from  the  integuments, 
which  would  endanger  its  vitality.  The  finger  extensors  are 
then  separated  fi-om  the  carpus,  and  the  dorsal  and  internal 
lateral  ligaments  of  the  wrist-joint  divided  ;  but  the  connec- 
tions of  the  tendons  Avith  the  radius  are  purposely  left  undis- 
turbed. 

"  Attention  is  now  directed  to  the  palmar  side  of  the  incision. 
The  anterior  surface  of  the  ulna  is  cleared  by  cutting  towards 
the  bone  so  as  to  avoid  the  artery  and  nerve,  the  articulation 
of  the  pisiform  bone  opened,  if  that  has  not  been  already  done 
in  making  the  incision,  and  the  flexor  tendons  separated  from 
the  carpus,  the  hand  being  depressed  to  relax  them.  While 
this  is  being  done,  the  knife  is  arrested  by  the  unciform 
process,  which  is  clipped  through  at  its  base  with  pliers. 

"  Care  is  taken  to  avoid  carrying  the  knife  farther  down  the 
hand  than  the  bases  of  the  metacarpal  bones  ;  for  this,  besides 
inflicting  unnecessary  injury,  would  involve  risk  of  cutting  the 
deep  palmar  arch.  The  anterior  ligament  of  the  wrist-joint  is 
also  divided,  after  which  the  junction  between  the  carpus  and 
metacarpus  is  severed  with  cutting  pliers,  and  the  carpus  is 
extracted  from  the  ulnar  incision  with  sequestrum  forceps,  and 
by  touching  with  the  knife  any  ligamentous  connections. 

"  The  hand  being  now  forcibly  everted,  the  articular  ends  ot 
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the  radius  and  ulna  will  protrude  at  the  ulnar  incision.  If 
they  appear  sound,  or  very  superficially  aifected,  the  articular 
surfaces  only  are  removed.  The  ulna  is  divided  obliquely 
with  a  small  saw,  so  as  to  take  away  the  cartilage-covered 
rounded  part  over  which  the  radius  sweeps,  while  the  base  of 
the  styloid  process  is  retained.  The  uhia  and  radius  are  thus 
left  of  the  same  length,  which  greatly  promotes  the  symmetry 

and  steadiness  of  the  hand,  the 
angular  interval  between  the- 
bones  bemg  soon  filled  up  with 
fr6sh  ossific  deposit.  A  thin 
slice  is  then  sawn  off  the  radius 
parallel  with  the  articular 
surface.  For  this  it  is  scarcely 
necessary  to  disturb  the  ten- 
dons in  their  grooves  on  the 
back,  and  thus  the  extensor 
secundi  internodii  may  never 
appear  at  all. 

"  This  may  seem  a  refine- 
ment, but  the  freedom  Avith 
Avhich  the  thumb  and  fingers 
can  be  extended,  even  Avithin  a 
day  or  tAvo  of  the  operation, 
when  this  point  is  attended  to,  shoAvs  that  it  is  important. 
The  articular  facet  on  the  ulnar  side  of  the  bone  is  then 
clipped  aAvay  Avith  forceps  applied  longitudinally. 

"  If  the  bones  prove  to  be  deeply  carious,  the  pliers  or  gouge 
must  be  used  Avith  the  greatest  freedom.  The  metacarpal 
bones  are  next  dealt  Avith  on  the  same  principle,  each  being 
closely  investigated — the  second  and  third  being  most  readily 
reached  from  the  radial,  the  fourth  and  fifth  from  the  ulnar 
side.  If  they  seem  sound,  the  articular  surfaces  only  are 
clipped  off,  the  lateral  facets  being  removed  by  longitudinal 
application  of  the  pliers. 

"  The  trapezium  is  next  seized  Avith  forceps  and  dissected 
out,  Avithout  cutting  the  tendon  of  the  flexor  carpi  radialis, 
which  is  firmly  bound  doAvn  in  the  groove  on  the  palmar 
aspect,  the  knife  being  also  kept  close  to  the  bone  to  avoid 
the  radial.   The  thumb  being  then  pushed  up  by  an  assistant, 
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the  articular  end  of  the  metacarpal  bone  is  removed.  Though 
this  articulates  by  a  separate  joint,  it  may  be  affected,  and 
the  symmetry  of  the  hand  is  promoted  by  reducing  it  to  the 
same  level  as  the  other  metacarpals. 

"  Lastly,  the  articular  surface  of  the  pisiform  is  clipped  oft', 
the  rest  being  left,  if  sound,  as  it  gives  insertion  to  the  flexor 
carpi  ulnaris,  and  attachment  to  the  anterior  annular  ligament." 

After-treatment.— The  wound  must  be  well  drained,  be 
dressed  with  the  most  carefid  antiseptic  precautions,  and  the 
cavity  of  the  wound  be  frequently  washed  out. 

The  limb  must  be  maintained  upon  a  splint  which  will 
support  the  palm  of  the  hand,  will  keep  the  wrist  a  little  ex- 
tended, and  the  fin- 

 m 


180. — lister's  splint  fob  excision  of 

WEIST. 


gers  a  little  flexed, 
Avhile  at  the  same 
time  it  will  not  pre- 
vent movements  of 
the  fingers  from 
being  carried  out. 
Lister's  wooden  splint 
with  a  cork  pad  is 
simple,  and  ansAvers 
Avell  (Fig.  180). 

The  splint  used 
by  Oilier  is  shown 
in  Fig.  18].     It  is 

made  of  wire,  and  when  in  actual  use  is  lined  with  lint  or 
cotton-wool.  It  has  this  advantage— that  the  supporting  iron 
can  be  bent,  and  the  position  of  the  part  therefore  changed 
from  time  to  time  as  the  patient  progresses.  The  wound, 
moreover,  is  more  accessible. 

The  thumb  is  apt  to  be  dra^vn  inwards  to  the  index  finger. 
This  is  prevented  in  Lister's  splint  by  the  use  of  a  suitable 
pad.  In  Oilier  s  splint  a  wire  loop  (a)  enables  the  thumb  to  be 
maintained  in  any  position  wished. 

There  is  a  constant  tendency  for  the  hand  to  assume  the 
position  of  adduction,  and  this  is  apt  to  become  more  marked 
some  time  after  the  splint  has  been  removed. 

The  limb  will  need  to  be  maintained  upon  a  splint  for  a 
considerable  period,  varying  from  two  to  six  months, 
o  o 
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It  is  essential  during  the  whole  of  this  time  that  jjassive 
movements  of  the  fingers  be  kept  up.  TIlo  fingers  should  be 
moved  as  early  as  the  third  day.  The  wrist  should  be  kept 
at  rest  until  the  parts  have  become  consolidated,  when  passive 
movements  may  be  commenced.  Active  movements  of  the 
fingers  should  be  undertaken  as  soon  as  the  patient  can  move 
without  pain. 

For  some  time  after  the  splint  is  left  off,  the  patient  should 
wear  a  leather  support,  and  should  be  persistent  in  his  attempts 


Fig.  181. — olliee's  wibe  splint  foe  excision  of  the  weist. 
a,  Supj)ort  for  the  thumb,  if  required. 


to  exercise  the  Avrist  and  fingers,  and  to  increase  the  range  of 
their  movements. 

Results.— The  results  of  this  operation  are,  on  the  whole, 
not  very  satisfactory.  Since  the  introduction  of  antiseptic 
measures  the  mortality  is  low,  but  is  nevertheless  higher 
than  that  which  attends  amputation  of  the  foreaiin.  In  very 
carefully  selected  and  very  favourable  cases  some  results 
have  certainly  been  excellent.  Oilier  records  several  instances 
in  which  the  patient  recovered  with  a  very  useful  hand, 
capable  of  performing  a  large  series  of  movements,  to  support 
weights,  and  to  bear  pressure.  In  such  cases  fibrous  anchy- 
losis has  taken  place,  leaving  a  moderate  degree  of  movement 
at  the  wrist,  and  a  free  action  of  the  tendons  of  the  fingers. 

In  contrast  to  one  such  conspicuous  result  must  be  placed 
a  large  number  of  reported,  and  possibly  a  still  larger  number 
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of  unreported,  cases  in  which  a  malformed  and  useless  hand 
has  resulted — a  hand  thickened,  rigid,  and  uncouth,  with 
stiffened  fingers,  fixed  tendons,  and  open  sinuses — a  limb  the 
seat  of  continued  pain,  and  more  or  less  completely  useless. 

In  the  most  common  form  of  trouble  involving  the  carpus 
and  wrist-joint — viz.,  strumous  disease  of  bone  and  synovial 
membrane — excision  of  the  wrist  can  only  in  quite  exceptional 
cases  be  justifiable.  Under  long-continued  and  careful  treat- 
ment, which  will  involve  the  removal  of  diseased  tissue  from 
time  to  time,' the  majority  of  these  cases  do  very  fairly  well; 
and  if  the  disease  will  not  yield  to  such  measures,  it  may  be 
doubted  whether  either  the  patient  or  the  limb  is  in  a  favour- 
able condition  for  so  extensive  an  operation  as  the  present 
procedure  involves. 


o  o  2 
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CHAPTER  XL 

Excision  of  the  Radius  and  Ulna. 

Portions  of  the  bones  of  the  forearm,  and  indeed  the 
whole  of  the  diaphysis  of  one  or  both  of  these  bones,  have 
been  removed  by  operation  for  the  relief  of  various  con- 
ditions. 

These  operations  have  been  carried  out  in  cases  of  exten- 
sive bone  disease,  in  certain  instances  of  gunshot  injury,  in 
cases  of  new  growth  (myeloid  sarcoma)  attacking  the  bones, 
and  in  some  examples  of  deformity  following  injury. 

The  whole  subject  is  very  fidly  dealt  with  by  Oilier  in  his 
Traitfi  des  Resections  (vol.  ii.,  1889). 

The  Ulna. — The  ulna,  being  a  comparatively  superticial 
bone,  is  easily  reached.  Its  posterior  border  is  subcutaneous 
from  the  olecranon  to  the  styloid  process. 

The  incision  is  made  along  this  posterior  border,  and  the 
bone  is  reached  between  the  anconeus  and  the  flexor  carpi 
ulnaris  in  the  highest  part  of  the  diaphysis  and  between  the 
latter  muscle  and  the  extensor  carpi  ulnaris  in  the  lower  two- 
thirds  or  three-fourths  of  the  bone.  The  chief  mass  of  mus- 
cular tissue  from  which  the  bone  must  be  freed,  belongs  to 
the  flexor  profundus  digitorum,  which  is  extensively  attached 
to  both  the  anterior  and  the  internal  surfaces. 

It  must  be  remembered  that  the  dorsal  branch  of  the  ulnar 
nerve  winds  backwards  beneath  the  flexor  carpi  ulnaris  at 
about  some  two  to  three  inches  above  the  wrist. 

Whenever  possible,  the  resection  of  the  bone  should  lie 
carried  out  by  means  of  the  subperiosteal  method. 

The  Radius.— The  bone  is  approached  from  the  external 
surface  by  an  incision  parallel  to  the  long  axis  of  the  bone, 
and  so  placed  as  to  open  the  interstice  between  the  supinator 
longus  and  extensor  carpi  radialis  longior  muscles. 

In  this  inter-muscular  space  the  radial  nerve  is  sought  f(.)r. 
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This  nerve  lies  throughout  beneath  the  supinator  longus,  but 
about  three  inches  above  the  wi-ist  it  turns  backwards  beneath 
the  tendon  of  the  muscle  to  become  subcutaneous.  The 
nerve  may  be  followed  up  until  the  point  is  reached  at  which 
the  musculo-spiral  bifurcates  into  the  radial  and  posterior  inter- 
osseous nerves. 

The  periosteum  is  divided  over  the  outer  border  of  the 
bone,  and  the  insertion  of  the  pronator  teres  separated  and 
turned  forwards.  The  supinator  brevis  muscle  is  divided 
A'ertically ;  one  part  is  turned  forAvards  with  the  radial  nerve, 
the  other  is  turned  backwards  with  the  posterior  interosseous 
nerve. 

This  method  of  exposing  the  radius  originated  with  Mr. 
Henry  Morris,  whose  very  successful  case  of  removal  of  a 
considerable  part  of  both  the  radius  and  the  ulna  was 
published  in  the  tenth  volume  of  the  Clinical  Society's 
Transactions. 

The  excision  should  bo  subperiosteal  whenever  possible. 
In  the  case  of  operation  for  sarcoma,  this  method  would, 
however,  not  be  admissible. 

In  young  subjects  the  restoration  of  parts  after  subperi- 
osteal resection  of  the  diaphysis  of  these  bones— and  notably 
of  the  radius — has  been  very  complete  and  remarkable.  On 
the  other  hand,  very  lamentable  deformity  has  attended 
extensive  resections  of  the  radius  in  which  the  periosteum 
was  not  preserved,  or  in  which  the  epiphyses  were  encroached 
upon. 
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CHAPTER  XII. 

Excision  of  the  Elbow. 

This  operation  consists  in  the  removal  of  the  lower  end  of 
the  humerus  and  the  upper  extremities  of  the  radius  and  ulna. 

It  is  performed  for  advanced  cases  of  bone  and  joint 
disease  which  have  resisted  milder  treatment;  for  certain  cases 
of  injury,  notably  gunshot  wounds  ;  for  the  relief  of  anchylosis 
when  in  a  faulty  position ;  and  for  some  examples  of  un- 
reduced dislocation.  The  object  aimed  at  is  the  production  of 
a  movable  joint.  A  description  of  the  operation  upon  the 
dead  body  was  given  in  1782  by  Park  ("  On  a  New  Method 
of  treating  Diseases  of  the  Knee  and  Elbow,"  1783),  and  in 
the  same  year  excision  of  the  elboAv  was  proposed  by  Morcau 
(Meinoire  d  VAcadAmie  de  Ckirurgie,  1782). 

The  first  actual  operation  appears  to  have  been  performed 
by  Moreau  in  1794.  Previous  to  1782  large  fragments  of  dead 
bone  had  been  removed  from  the  elbow  by  operation,  and  the 
lower  end  of  the  humerus  had  been  excised  in  at  least  one 
case  of  compound  dislocation  (Wainman,  1759). 

In  England  the  operation  was  popularised  by  Syme,  and 
was  enthusiastically  adopted  by  British  surgeons. 

Anatomical  Points. — The  elbow  is  a  pure  hinge-joint, 
permitting  normally  of  no  lateral  movement.  The  synovial 
membrane  of  the  superior  radio-ulnar  joint  joins  that  of  the 
major  articulation. 

The  crease  in  the  skin  called  the  "  fold  of  the  elbow  "  is 
placed  some  little  way  above  the  line  of  the  joint. 

The  bony  points  about  the  elbow  can  be  well  made  out  in 
a  healthy  subject. 

The  internal  condyle  is  the  more  prominent  and  the  less 
rounded  of  the  two.  The  humero-radial  articulation  forms 
a  horizontal  line,  but  the  humero-ulnar  joint  is  oblique,  the 
joint  surfaces  sloping  downwards  and  inwards.  Thus  it 
happens  that  while  the  outer  condyle  is  only  three-quarters 
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of  an  inch  above  the  articular  line,  the  tip  of  the  internal 
condyle  is  more  than  one  inch  above  that  part. 

A  line  drawn  through  the  two  condyles  will  be  at  right 
angles  with  the  axis  of  the  upper  arm,  while  it  will  form  an 
angle  with  the  axis  of  the  forearm. 

The  joint-line  is  equivalent  to 
only  about  two-thirds  of  the  width 
of  the  entire  Hne  between  the 
points  of  the  two  condyles. 

In  extreme  extension  the  tip  of 
the  olecranon  is  a  little  above  the 
line  joining  the  two  condyles. 

Of  the  ligaments  of  the  elbow- 
joint  the  anterior  and  posterior  are 
comparatively  thin.  The  internal 
lateral  is  the  strongest  and  most 
extensive  of  the  ligaments.  In  ex- 
cision it  is  very  important  that  the 
external  lateral  ligament  should  be, 
whenever  possible,  preserved,  since 
it  joins  below  Avith  the  articular 
ligament. 

The  three  most  important  muscles  in  relation  to  this 
operation  are  the  biceps,  the  brachialis  anticus,  and  the  triceps. 
The  insertion  of  the  two  Urst-named  muscles  should  never 
be  divided.  The  biceps  is  inserted  into  the  tubercle  of  the 
radius,  the  brachialis  anticus  into  the  anterior  surface  of  the 
ulna  at  the  root  of  the  coronoid  process.  A  section  of  the 
ulna  sufficiently  low  to  include  the  whole  of  the  coronoid 
process  will  not  involve  a  sacrifice  of  the  insertion  of  the 
brachialis  anticus.  The  triceps  insertion  occupies  not  only 
the  upper  flat  surface  of  the  olecranon,  but  also  a  considerable 
portion  of  each  of  the  sides  of  that  process. 

From  the  triceps  tendon  come  oti"  two  considerable  lateral 
expansions,  which  descend  obliquely  to  join  the  deep  fascia  of 
the  forearm  (Fig.  188).  Of  these  the  internal  is  insignifi- 
cant. The  external  expansion  is,  however,  considerable, 
and  should  always  be  saved,  as  it  enables  the  triceps  to 
retain  a  hold  of  the  f  rearm,  even  after  the  olecranon  has  been 
removed. . 


Fig.  182. — DIAGEAM  OF  HUMERUS 
AT  AGE  OF  15. 

A,  Internal  condyle  ;  B,  Line  of 
attachment  of  anterior  part  of 
capsule. 
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The  anconeus  and  supinator  brevis  muscles  must  be 
seriously  distia-bed  in  any  excision  of  the  elbow.  The  other 
muscles  in  very  immediate  relation  with  the  joint  are  the 
extensor  carpi  radialis  brevier  and  the  extensor  carpi  ulnaris. 

One  great  danger  in  this  operation  is  division  of,  or 
damage  to,  the  ulnar  nerve  as  it  lies  in  the  groove  between 

the  olecranon  and  the  internal  con- 
dyle. 

Another  nerve  which  is  very 
readily  injured  in  this  operation  is  the 
posterior  interosseous,  which  is  placed 
in  jeopardy  when  the  upper  end  of  the 
radius  is  being  bared. 

The  composition  of  the  arterial 
plexus  which  surrounds  the  elbow- 
joint  on  all  sides,  and  supplies  it, 
must  be  held  in  mind. 

The  lower  epiphysis  of  the  hu- 
merus is  of  large  size,  and  contains 
four  separate  osseous  nuclei.  The  main 
mass  of  the  epiphysis  joins  the  shaft 
about  the  sixteenth  or  seventeenth 
year,  the  nucleus  forming  the  internal  condyle  joins  at  the 
■eighteenth  year.  That  part  of  the  epiphysis  which  forms  the 
radial  condyle  and  the  trochlea  is  within  the  capsule  of  the 
joint.  That  part  which  forms  the  two  condyles  is  without  the 
synovial  cavity  (Fig.  182). 

The  upper  epiphysis  of  the  radius  forms  the  head  of 
-the  bone,  is  within  the  synovial  cavity  of  the  joint,  and 
joins  the  shaft  between  the  sixteenth  and  seventeenth  years 
(Fig  183). 

The  olecranon  process  is  mainly  formed  from  the  diaphysis ; 
indeed,  more  than  three-fourths  of  its  greater  sigmoid  cavity 
belongs  to  that  segment  of  the  bone. 

The  upper  part  of  the  olecranon  is  at  birth  cartilaginous. 
At  the  tenth  or  eleventh  year  a  small  nucleus  of  bone 
appears  on  the  highest  part  of  the  process,  and  forms  a.  very 
slight  epiphysis,  which  represents  only  the  highest  or  flat  sur- 
face of  the  olecranon,  and  is  httle  more  than  a  mere  shell  of 
bone.    This  little  epiphysis  joins  the  shaft  about  the  seven- 
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teenth  year.  The  anterior  part  of  this  epiphysis  is  nitra- 
synoviai,  the  posterior  and  larger  part  is  subperiosteal 
(Fig.  184). 

1.  Excision  through  a  Posterior  Median  Incision. 

Operation.— The  patient  hes  upon  the  back,  with  the  body 
close  to  the  edge  of  the  table.    The  surgeon  stands  on  the 
side  to  be  operated  upon.    An  assistant  is  placed  on  the 
opposite  side  of  the  table — i.e., 
upon  the  patient's  sound  side — 
and  holds  the  limb.    The  upper 
arm  should  be  vertical,  or  at 
right  angles  to  the  surface  of 
the  couch,  the  elbow  should  be 
a  little  flexed,  and  the  forearm 
be  carried  across  the  patient's 
chest,  so  that  the  elbow  pro- 
jects prominently  outwards  (Fig. 
186).    In  dealing  with  the  right 
joint  the  operator  should  stand 
by  the  patient's  loins;  and  in 
dealing  with   the  left,  well  to 
the  outer  side  of  the  trunk.  A 
second  assistant,  standing  on  the 
opposite  side,  can  help  to  steady 
the  limb  by  gi'asping  the  arm 
and  forearm  as   ho  leans  over 
the  body  ;  and  a  third  helper, 

placed  to  the  surgeon's  left,  should  be  prepared  to  assist  in 
retracting  the  divided  parts. 

In  this  attitude  it  will  be  understood  that  the  ulna  and 
olecranon  will  be  uppermost. 

The  use  of  the  elastic  tourniquet  should  be  avoided  when 
possible. 

Nan'ovv-bladed  rectangular  retractors  made  of  the  stoutest 
steel  are  requisite. 

(a)  The  Incision. — The  skin  incision  is  about  four  inches 
in  length,  is  in  the  long  axis  of  the  forearm,  and  is  so  placed 
as  to  cross  the  centre  of  the  olecranon  fossa  of  the  humerus, 
and  to  run  along  the  middle  of  the  olecranon  process,  and 
then  follow  the  crest  or  posterior  border  of  the  ulna  (Fig.  185). 


Fig.  184. — rrppER  end  of  thk  ttlna 

IN   A    SUBJECT    AGED    15.  {Aftor 

Ullier.) 

A,  Epiphysis  ;  B,  Posterior  ligament ; 
c,  Anterior  ligament. 
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The  centre  of  the  incision  should  correspond  to  the  tip  or 
summit  of  the  olecranon,  so  that  two  inches  of  the  cut  will  be 
over  the  humerus,  and  two  inches  over  the  olecranon  and 
ulna. 

The  stout  short-bladed  excision  knife  may  be  carried 
at   once  down  to  the  bones,  cutting  on  to  the  olecranon, 

bisecting  the  triceps  tendon,  opening 
the  articvdation  through  the  posterior 
ligament  and  reaching  the  back  of  the 
humerus. 

As  the  cut  will  be  made  from 
"  above  downwards,"  it  will  be  seen 
that  in  the  position  occupied  by  the 
limb  the  knife  will  cut  first  u-pon  the 
ulna,  which  is  uppermost,  and  then 
upon  the  humerus  (Fig.  186). 

(b)  The  Clearing  of  the  Olecranon 
and  the  Condyles  of  the  Humerus. — In 
clearing  the  bones  for  excision,  the  fol- 
lowing rules  should  be  observed: — (1) 
The  surgeon  should  keep  the  knife 
well  down  upon  the  bone,  and  his  inci- 
sions should  be  short  and  made  with 
force,  and  the  edge  of  the  blade  be  kept 
turned  towards  the  bones.  (2)  The 
periosteum  should  be  separated  to  as 
great  an  extent  as  is  possible,  and  all  ligamentous  connections 
should  be  spared.  The  operator  should  aim  at  leaving  the 
bones  absolutely  bare.  (3)  The  rugine  and  the  elevator  shoidd 
be  freely  used,  while  the  knife  is  employed  sparingly.  The  left 
thumb-nail  must  be  used  with  vigour  to  retract  the  tissues  as 
soon  as  they  are  separated,  and  the  surgeon  may  exj)ect  that 
the  thumb  of  his  left  hand  will  remind  him  of  the  operation 
for  many  days  after.  Good  retractors  must  also  be  employed 
at  every  step.  The  main  feature  of  the  operation  is  the 
efficient  peeling  of  the  olecranon  and  the  irregularly-shaped 
humerus. 

The  inner  part  of  the  wound  is  first  dealt  with; 
The  inner  half  of  the  triceps  tendon  is  peeled  ft-om  the 
olecranon  Avith  as  nuich  periosteum  as  possible.    The  hollow 
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185. — EXCISION  OF  THE 
ELBOW. 


A,  Rou.\'s  incision  ;  B,  Me 
dian  vertical  incision. 
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between  the  olecranon  and  the  internal  condyle  is  now  cleared 
until  that  process  of  bone  is  reached,  and  is  left  bare  and 
projecting. 

If  the  operator  keep  close  to  the  bones,  and  observe  the 
three  rules  just  laid  down,  there  is  no  reasonable  danger  of 


Fig.   186. — EXCISION  OF  THE   ELBOW  :    THE  CLEAEING  OF  THE  HTJMEEUS. 

wounding  the  ulnar  nerve.  The  internal  lateral  ligament  is 
stripped  off'  from  both  humerus  and  ulna,  and  the  periosteum 
is  so  separated  as  to  carry  with  it  the  origin  of  the  flexor 
muscles. 

The  surgeon  now  turns  to  the  outer  part  of  the  incision, 
separating  the  tissues  on  that  side  until  the  outer  condyle  is 
reached  and  laid  bare.  In  this  stage  of  the  operation  the 
outer  half  of  the  triceps  tendon  will  be  separated  and  drawn 
aside  without  severing  its  connection  with  the  deep  fascia  of 
the  forearm,  the  anconeus  will  be  raised  from  the  ulna,  the 
external  lateral  ligament  and  the  origin  of  the  mass  of 
extensor  muscles  will  be  separated  from  the  humerus,  and 
the  supinator  brevis  will  be  turned  well  aside.  Here,  again, 
strong  retractors  are  of  great  service  (Fig.  186).  It  is  during 
this  part  of  the  procedure  that  damage  may  be  done  to  the 
posterior  interosseous  nerve. 
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The  bones  of  the  joint  iiro  now  free  of  one  another  except 
upon  their  anterior  aspect. 

(c)  The  Sawing-off  of  the  End  of  the  Hinnerus.— Th(! 
elbow  should  now  be  fully  flexed,  and  without  much  dilH- 
culty  the  lower  end  of  the  humerus  can  be  made  to  project 


Fig.  187. — EXCISION  OF  THE  ELBOW:    SAWING  OF  THE  HXJMEEUS. 

[MoiUficd  from  Farubeuf.) 


into  the  wound.  The  patient's  hand  should  then  be  placed 
in  the  prone  position  upon  the  operating-table,  close  to  the 
patient's  head  upon  the  affected  side.  In  this  attitude  it  can 
be  firmly  held,  the  lower  ends  of  the  radius  and  ulna  being 
fixed  rigidly  upon  the  table.  The  assistant  who  grasps  the 
upper  arm  should  project  the  lower  end  of  the  humerus 
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upwards.  This  portion  of  bone  is  now  cleared  of  its 
few  attachments  in  front,  and  is  bared  as  high  up  as  is 
necessary. 

The  surgeon  then  grasps  the  bone  with  lion  forceps  held  in 
the  left  hand,  and  maintained  vertically,  as  if  he  would  draw 
the  bone  directly  upwards  (Fig.  187). 

A  narrow  saw  with  a  movable  back  is  applied  horizontally 
to  the  lower  extremity  of  the  bone  so  fixed,  and  the  excision 
of  the  humerus  is  completed. 

The  saw-line  generally  crosses  the  bone  at  right  angles 
to  its  long  axis,  and  just  below  the  tips  of  the  condyles. 

In  using  the  saw  a  metal  retractor  or  spatula  should  be 
employed  to  hold  back  and  retract  the  soft  parts. 

A  strip  of  bent  metal  of  the  form  shown  in  Fig.  187  answers 
admirably  for  this  purpose. 

(d)  The  Sawing-off  of  the  Ends  of  the  Eadius  and  Ulna. — - 
While  the  limb  is  in  the  same  position  the  assistant  who 
is  fixing  the  forearm  relaxes  his  hold,  and  forcing  the  bones  of 
that  part  of  the  hmb  upwards,  makes  them  in  turn  protrude 
prominently  in  the  wound.  The  ulna  is  grasped  with  the 
lion  forceps,  which  are  again  held  vertically,  as  if  to  draw  the 
bone  directly  upwards  ;  and  the  metal  spatula  having  been 
applied,  the  saw  is  applied  horizontally  to  the  base  of  the 
process,  a  slice  of  the  upper  end  of  the  radius  being  removed 
at  the  same  tune  (Fig.  188). 

The  wound  is  washed  out,  is  adjusted  with  sutures,  and  a 
drainage-tube  is  inserted. 

Comment. — The  incision  here  described  is  that  of  Park 
and  Maisonneuve,  and  the  operation  represents  the  best 
method  now  in  vogue  for  excising  the  elbow,  and  the  method 
which — if  the  selection  made  by  text-books  be  a  criterion— is 
the  most  universally  adopted. 

The  operation  is  simple,  the  bones  are  easily  exposed  on 
each  side,  the  uhiar  nerve  is  well  guarded,  the  triceps  tendon 
is  subjected  to  the  least  amount  of  injury,  and  eflficient 
drainage  is  provided  for. 

The  method  above  described  may  be  considered  to  follow 
the  open  method,  although  as  much  periosteum  and  ligamen- 
tous tissue  is  preserved  as  is  possible,  and  the  operation  is  of 
wide  application. 
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The  complete  subperiosteal  excision  is  described  in  a, 
chapter  which  follows. 

To  preserve  the  whole  of  the  periosteum  is  extremely 
difficult,  and  often  impossible  or  inadvisable.    In  the  above 

operation  the  bone  is  bared 
subperiosteally  as  far  as  is 
practical  in  the  great  ma- 
jority of  cases. 

The  projecting  end  of 
the  ulna  may  be  cut  off 
early  in  the  operation  in 
order  that  the  lower  ex- 
tremity of   the  humerus 
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Fig.  188. — A,  EIGHT  ELBOW  AFTEE  EXCI- 
SION BY  DOESAii  INCISION.  {After  I'ara- 
bcif.) 

A,  Humerus  ;  B,  Ulna ;  o,  Supinator  longus 
and  radial  extensor  of  the  carpus  ;  D, 
Outer  expansion  from  triceps  tendon  ;  d', 
Inner  expansion  from  the  same. 

B,  PAETS  EEMOVED  IN  THE  EXCISION. 

A,  Humerus  ;  B,  Ulna  ;  C,  Radius. 


might  be  more  easily  ex- 
posed and  dealt  with. 

2.  The  Subperiosteal 
Method. 

The  operation  just  de- 
scribed is — if  it  be  carried 
out  as  detailed — as  nearly 
an  example  of  the  sub- 
periosteal method  as  is  in 
the  majority  of  instances 
practicable. 

The  following  descrip- 
tion is  derived  from  Fara- 
beufs    account     of  the 
"  Methode  de  la  Rugine,"  as  distinguished  from  the  "  Methode 
du  Bistouri."    {See  page  603,  and  Fig.  170.) 

Operation. — (a)  The  Incision. — Precisely  the  same  incision 
is  employed  as  in  the  last  operation.  The  arm  is  placed  by 
the  patient's  side,  the  elbow  is  extended,  and  the  hand  prone. 
The  elbow  rests  upon  a  small,  hard,  round  cushion,  Avhich  is 
placed  upon  the  table  by  the  side  of  the  patient's  body. 

The  incisio  is  carried  well  down  to  the  bones,  so  as  to 
divide  the  periosteum  both  of  the  humerus  and  olecranon,  to 
open  the  joint  capsule,  and  bisect  the  triceps  tendon. 

In  the  position  the  limb  now  occupies,  the  external  or 
radial  lip  of  the  wound  will  be  superior,  and  the  internal  lip 
inferior  or  the  nearer  to  the  cushion. 


EXCISION  OF  ELBOW. 


63 


(h)  Decortication  of  the  Postero-external  Parts. — Com- 
mencing with  the  superior  or  external  part  of  the  wound,  the 
surgeon  exposes  the  depths  of  the  original  cut,  and  draws  the 
soft  parts  well  aside  by  means  of  proper  retractors. 

With  a  rugine  and  elevator  he  then  proceeds  to  lay  bare 
the  outer  part  of  the  olecranon,  pressing  forwards  with  the 
ruo-ine  until  he  has  reached  the  articular  surface  of  the 
olecranon,  and  has  separated  (with  the  periosteum)  the 
external  lateral  and  annular  ligaments  and  some  part  of  the 
posterior  ligament. 

He  now  turns  to  the  humerus  and  pares  the  periosteum 
from  the  outer  part  of  the  olecranon  fossa,  and  continues  the 
peeling  process  until  he  has  bared  the  postero-external 
part  of  the  humerus  and  has  reached  the  external  condyle. 
The  elbow  is  now  a  little  flexed,  to  bring  this  process  better 
into  view,  and  it  is  stripped  entirely  of  its  periosteum,  and  of 
its  muscular  and  ligamentous  connections. 

With  the  periosteum  the  outer  part  of  the  posterior 
ligament  will  have  been  elevated  and  displaced  outwards. 

(c)  Decortication  of  the  Postero  -  internal  Parts.  —  The 
position  of  the  limb  is  now  changed.  The  hand  is  carried  up- 
wards beyond  the  head;  the  arm  is  thus  close  to  the  face,  and 
the  hand,  which  is  supine,  is  beyond  the  upper  end  of  the  table. 
The  limb  is  extended,  and  the  cushion  again  supports  the 
elbow-joint.  The  wound  is  now  reversed,  and  the  inner  lip  is 
uppermost.  With  the  rugine  the  operator  bares  the  inner 
surface  of  the  olecranon,  clearing  off  the  rest  of  the  triceps 
and  of  the  posterior  ligament.  The  separation  is  carried  to 
the  inner  margin  of  the  articular  surface,  and  the  internal 
lateral  ligament  is  thus  peeled  off  with  the  periosteum. 

The  postero-internal  surface  of  the  .humerus,  including  the 
inner  part  of  the  olecranon  fossa  and  the  internal  condyle,  are 
now  laid  entirely  bare.  To  clear  the  condyle  the  joint  must 
be  a  little  flexed. 

(d)  Division  of  the  Humerus. — The  joint  can  now  be  dis- 
located, the  position  of  flexion  is  assumed,  and  the  lower  end 
of  the  humerus  is  made  to  protrude  in  the  wound.  The 
anterior  surface  of  the  bone,  including  the  coronoid  fossa,  is 
cleared  of  periosteum,  with  which  is  removed  also  the  anterior 
ligament  of  the  joint. 
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The  extremity  of  the  humerus,  being  now  entirely  bare,  is 
seized  with  Hon  for(;ops  and  sawn  through. 

(e)  Division  of  the  Radius  and  Ulna. — It  only  now  remains 
to  clear  the  anterior  part  of  the  ulna,  including  the  coronoid 
process,  and  the  neck  of  the  radius,  and  to  saw  the  exposed 
bones  off,  with  the  precautions  already  described  (Fig.  188). 

Cormnent. — This  operation  is  admirable  in  theory,  but 
could  not  often  be  can'ied  out  in  its  entirety  in  practice.  In 
some  instances,  especially  in  excisions  for  injury  in  adults,  the 

decortication  would  be  practically  impos- 
sible. Especially  difficult  is  it  to  bare 
the  olecranon  and  coronoid  fossae  of  peri- 
osteum. In  many  cases  of  disease  it  would 
be  undesirable  to  save  the  implicated 
membrane. 

3.  Other  Forms  of  the  Operation. 
The  incision  most  usually  employed 
when  the  operation  was  first  introduced 
was  the  H-incifiion  of  Moreaxv  (Fig.  189,  b). 

This  was  the  incision  adopted  by 
Syme,  Dupuytren,  and  many  others. 
Jaeger  and  Liston  used  the  same  incision, 
but  omitted  the  outer  vertical  limb  of 
the  H.  Roux  in  like  manner  omitted  the 
inner  vertical  limb  (Fig.  185,  a).  In  all  the 
early  operations  the  triceps  tendon  was 
cut  entirely  through. 

Subsequent  experience  has  condemned 
every  form  of  transverse  incision  in  this 
operation. 

Chassaignac  employed  a  longitudinal  posterior  cut  along 
the  outer  side  of  the  olecranon,  and  Langenbeck  a  hke 
incision  along  the  inner  side.  These  incisions  rendered  the 
exposure  of  one  side  of  the  joint  very  easy,  and  the  laying 
bare  of  the  other  side  unduly  difficult.  They  are  inferior  to 
the  median  incision  above  described. 

Two  excellent  operations  by  means  of  lateral  incisions 
remain  to  be  described. 

Oilier  8  Operation  by  the  Bayonet  Incision.— upper 
part  of  this  incision  is  vertical,  is  opposite  the  interval 


Fig.  189. — EXCISION  OF 
THE  ELBOW. 

A,  Ollier's  incision ;  B, 
H-shaped  incision  of 
Moreau. 
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between  the  triceps  and  the  supinator  longus,  is  commenced 
2J  inches  above  the  joint-line,  and  runs  down  to  the  tip  of 
the  outer  condyle. 

It  is  then  du'ected  obHquely  do-\vnwards  and  inwards 
to  the  base  of  the  olecranon,  and  is  finally  made  to  follow 
the  posterior  border  of  the  ulna  for  1|  to  2  inches  (Fig. 
189,  A). 

A  vertical  incision  about  one  inch  in  length  is  made  over 
the  internal  condyle.  Through  this  small  lateral  incision  the 
point  of  the  condyle  is  bared,  and  the  attachment  of  the 
internal  ligament  separated. 

Turning  to  the  main  wound,  and  using  the  rugine  rather 
than  the  knife,  the  operator  decorticates  the  external  condyle, 
separating  the  external  lateral  ligament,  exposes  the  head  of 
the  radius,  detaches  the  triceps  tendon  together  with  the 
periosteum,  denudes  the  olecranon  and  the  margins  of  the 
sigmoid  cavity,  and  detaches  the  insertion  of  the  brachiahs 
anticus. 

The  bones  of  the  forearm  are  now  luxated  forwards,  and 
are  divided  with  a  fine  saw. 

The  inner  segment  of  the  humerus  is  in  the  next  place 
freed  of  all  its  attachments,  and,  the  bone  being  now  bare,  the 
saw  is  apphed,  and  the  required  section  made. 

This  method  has  some  excellent  points.  It  is,  however, 
needlessly  complicated.  The  triceps  tendon  is  not  con- 
veniently exposed,  and  its  important  external  expansion  is 
divided.  The  uhiar  nerve  is  less  easily  dealt  with.  The 
wound  is  large,  and  not  well  adapted  for  drainage.  The  inner 
incision  is  inconveniently  placed,  and  may  cause  trouble  in 
the  after-treatment. 

Hueter's  operation  is  a  modification  of  the  method  just 
described,  and  has  been  considered  as  especially  applicable  to 
cases  of  excision  for  anchylosis. 

The  operation  is  carried  out  in  the  following  steps  : — 

(a)  The  Ulnar  Incision  and  Clearing  of  the  Internal 
Condyle. — An  incision  one  inch  in  length  is  made  over  the 
internal  condyle  and  a  little  to  its  anterior  surface.  This  cut 
is  carried  to  the  bone,  and  with  a  ruginc  and  elevator  the 
periosteum,  the  internal  lateral  ligament,  and  the  united 
tendon  of  origin  of  the  flexor  muscles,  are  separated  from  the 
p  p 
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bone.  The  joint  is  opened.  Care  must  be  taken  to  avoid  the 
iihiar  nerve. 

(b)  The  Radial  Incision  and  Resection  of  the  Head  of  the 
Radius.— The  arm  is  noAv  so  placed  as  to  bring  the  radial  side 
uppermost.  The  limb  is  fixed  upon  a  hard  cushion  in  the 
extended  position.  The  radial  cut  is  about  four  inches  in 
length.  It  skirts  the  outer  side  of  the  joint  on  its  posterior 
aspect. 

The  centre  of  the  incision  is  over  the  external  condyle, 
and  the  lower  part  of  it  over  the  radhis  (Fig.  190).  With 
the  blunt  instruments  the  periosteum  is 
separated  from  the  outer  condyle,  together 
Avith  the  tendinous  attachments  and  the 
external  lateral  ligament.  The  orbicular 
ligament  is  divided  transversely,  and  the 
joint  is  opened  from  the  radial  side. 

The  head  of  the  radius  is  now  free, 
and  is  removed  by  means  of  a  keyhole  saw. 

(6')  The  Resection  of  the  Humerus. — The 
finger  is  introduced  into  the  joint  upon 
the  ulnar  side  while  the  elbow  is  flexed. 
The  limits  of  the  anterior  part  of  the  cap- 
sule are  defined,  and  by  means  first  of  the 
knife  and  then  of  the  elevator  the  anterior 
surface  of  the  humerus  is  freed  as  far  as 
possible  both  of  periosteum  and  ligament. 

The  elbow  is  now  extended  and  the 
posterior  part  of  the  capsule  made  promi- 
nent, and  the  tissues  upon  this  side  are  in 
turn  peeled  from  the  bone.  The  lower  end 
of  the  humerus  should  by  this  time  be  bare, 
and,  the  forearm  being  adducted  (i.e.,  to  the  ulnar  side),  this 
extremity  of  bone  should  be  made  to  project  through  the 
radial  wound.  It  is  grasped  with  forceps  and  sawn  ofi'.  The 
ulnar  nerve  should  not  be  seen. 

(d)  The  Resection  of  the  Olecranon. — The  olecranon  is 
readily  brought  into  view  in  the  radial  wound.  With  the 
rugine  it  is  stripped  of  periosteum,  and  is  freed  of  its 
connections  with  the  triceps  tendon.  The  upper  part  of  the 
ulna   and.  the  coronoid  process  arc  then  stripped  of  their 
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coverings,  and  the  bone  is  sawn  through  just  above  the  base  of 
the  coronoid  process. 

This  operation  is  certainly  excellent,  and  has  jdelded  very 
admirable  rcsiilts  as  regards  the  function  of  the  joint.  The 
procedure  is  very  well  adapted  for  cases  of  excision  for 
anchylosis.  The  method  is  claimed  to  be  subperiosteal.  For 
ordinary  purposes  Hueter's  operation  has  no  advantage  over 
the  median  dorsal  incision. 

After-treatment. — After  the  operation  the  limb  must  be 
placed  upon  a  suitable  splint,  and  the  bones  so  adjusted 
that  the  greater  diameters  of  the  bony  surfaces  correspond 
and  do  not  cross.  The  hand  should  be  in  the  mid-position 
between  pronation  and  supination,  and  the  elbow  be  very 
slightly  bent — so  slightly  that  the  forearm  will  be  nearer  to  the 
extended  posture  than  to  the  position  it  occupies  when  at 
right  angles  to  the  arm.  The  precise  angle  recommended  by 
most  surgeons  is  an  angle  of  135"^. 

Very  many  forms  of  splint  have  been  devised.  The  main 
requirements  of  such  appliances  are  that  they  be  light,  strong, 
rigid,  easily  kept  clean,  and  do  not  interfere  with  the  drainage 
and  dressing  of  the  wound. 

Mason's  splint  (Fig.  191)  answers  its  purpose  well,  and  also 
permits  the  joint  to  be  exercised  without  the  splint  being 
removed.  The  fingers  should  be  free.  The  splint  and  limb 
may  be  at  first  suspended  from  a  cradle,  or  supported  upon  a 
pillow  vnth  sand-bags. 

It  must  be  borne  in  mind  that  there  is  some  disposition 
for  the  bones  of  the  forearm  to  be  displaced  backward,  that 
too  wide  a  distance  between  the  bones  may  lead  to  a  fiail-like 
joint,  and  that  if,  on  the  other  hand,  the  sawn  surfaces  be 
kept  in  close  contact,  in  young  subjects  bony  anchylosis  may 
ensue. 

In  general  terms,  it  may  be  said  that  to  ensure  a  false  joint 
the  bones  should  be  separated  for  the  distance  of  half  an  inch. 

After  a  successful  excision  by  the  subperiosteal  method  in 
healthy  subjects  the  disposition  to  anchylosis  is  considerable. 
As  anchylosis  is  especially  to  be  feared  in  children,  the 
limb  may  be  put  up  from  the  first  on  a  right-angled  splint, 
such  as  that  recommended  for  the  purpose  by  Mr.  Jacobson 
(British  Medical  Journal,  vol.  i.,  1877,  page  774). 
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When  also  a  considerable  quantity  of  bone  has  been  re- 
moved, the  use,  from  the  commencement,  of  a  rectangular 
splint  is  advised  by  many. 

Passive  movements  of  the  fingers  and  shoulder,  and  flexion 
and  extension  of  the  wrist,  should  be  commenced  as  soon  as 
possible  after  the  operation— possibly  by  the  third  day— and 
should  be  persevered  with  daily.  Passive  movements  of  the 
elbow  may  be  commenced  about  the  tenth  day,  provided  that 
the  healing  process  has  proceeded  favourably,  and  the  measure 
can  be  borne  by  the  patient  without  undue  pain.  In  children 
such  movements  may  at  first  be  required  to  be  carried  out 
under  an  antesthetic. 


Fig.  191. — mason's  splint  fob  excision  of  the  elbow. 


When  four  or  five  weeks  have  elapsed,  the  forearm  may  be 
gradually  brought  up  until  it  forms  a  right  angle  with  the 
arm.  At  the  end  of  six  or  eight  weeks  the  splint  may  be 
dispensed  with,  and  the  movements  of  the  elbow  should  be 
free.  Active  movements,  aided  by  massage  and  galvanism, 
should  now  be  advised ;  and  within  four  months  from  the  time 
of  the  operation  the  new  joint  should  have  acquired  sohdity, 
and  be  capable  of  exhibiting  a  free  and  extensive  range  of 
movements. 

Results. — Excision  of  the  elbow  has  led  on  the  whole  to 
very  satisfactory  results,  and  in  a  large  proportion  of  the  more 
favourable  cases  the  residts  have  been  most  admirable.  Even 
if  anchylosis  occurs  at  a  right  angle,  the  limb  is  in  a 
better  condition  than  it  was  while  the  seat  of  disease.  In 
the  more  unfortunate  instances  the  repair  is  imperfect 
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for  one  reason  or  another,  and  a  very  loose  false  joint,  result- 
ing in  a  flail-like  limb,  is  the  final  production.  Even  in 
such  a  case  a  good  deal  may  be  done  by  means  of  a  suitable 
apparatus. 

"  In  my  experience,"  writes  Sir  William  MacCormac,  "  the 
tendency  is  rather  to  anchylosis  than  to  increased  mobility — 
at  least,  after  cases  excised  for  disease.  The  converse  may 
be  true  in  traumatic  cases." 

Ashhurst's  Tables  ("  Encyclopaedia  of  Surgery,"  1884,  vol. 
iv.),  dealing  with  1,786  cases,  give  the  mortality  of  excision 
for  gunshot  wound  as  24"6,  for  other  injury  as  151,  and  for 
disease  as  10'6.  A  large  proportion  of  these  cases  are  not  of 
recent  date,  and  improved  methods  of  treating  wounds  have 
served  to  greatly  reduce  the  mortality. 
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CHAPTER  XIII. 

Excision  of  the  Humerus. 

Portions  of  the  diaphysis  of  the  humerus  have  been  ex- 
cised in  cases  of  compound  fracture,  of  bono  disease,  and  of 
new  growths.  The  most  successful  operations  of  this  kind 
have  been  performed  for  false  joint  after  fracture,  and  for 
badly-united  fracture.  In  gunshot  injuries  the  results  have 
not  been  favourable.  In  the  American  War  the  mortality 
attending  primary  excisions  of  portions  of  the  humerus  was 
30  per  cent.  (Otis). 

In  acute  necrosis  in  young  subjects  the  whole  diaphysis 
has  been  removed  subj)eriosteally  with  admirable  results,  the 
bone  having  been  restored  to  a  remarkable  degree. 

Langenbeck  excised  the  whole  of  the  humerus  in  a  man 
aged  20  for  necrosis  following  gunshot  Avound.  A  mass  of 
new  bone  filled  the  place  of  the  original  bone,  and  new  joints 
were  formed  at  the  shoulder  and  elbow.  Four  years  after  the 
operation  the  arm  on  the  side  operated  upon  was  found  to 
have  lost  only  3^  inches  in  length.  The  patient  could  execute 
many  movements,  although  the  limb  was  very  feeble. 

The  humerus  is  exposed  through  an  incision  made  upon 
the  outer  side  of  the  limb.  When  the  upper  part  of  the  shaft 
is  concerned,  the  cut  should  be  made  in  the  interval  between 
the  deltoid  and  the  pectoralis  major.  When  the  lower  part 
has  to  be  dealt  Avith,  the  knife  should  follow  a  line  Avhich  is 
placed  over  the  insertion  of  the  deltoid,  and  along  the  ex- 
ternal intermuscular  septum.  The  first  care  of  the  operator 
should  be  to  seek  for  the  musculo-spiral  nerve,  Avhich  is  care- 
fully isolated  and  drawn  aside.  The  bone  is  conveniently 
divided  with  a  chain-saw. 
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CHAPTER  XIV. 

Excision  of  the  Shoulder, 

The  operation  known  by  this  name  consists  really  of  an 
excision  of  the  upper  end  of  the  humerus.  The  shoulder- 
joint  is  not  excised — or,  in  other  words,  that  portion  of  the 
scapula  which  supports  the  glenoid  fossa  is  not  sawn  away 
with  the  articular  segment  of  the  humerus.  Portions  of  bone 
may  be  gouged  from  the  glenoid 
fossa,  but  more  than  that  is 
seldom  done.  The  operation  is 
comparatively  rarely  performed, 
and  the  conditions  under  which 
it  is  carried  out  are  the  same  as 
lead  to  excisions  of  other  joints. 
In  a  few  instances  the  upper 
end  of  the  humerus  has  been 
removed  for  a  new  growth. 

Excision  for  tubercular  joint 
disease  is — in  Great  Britain,  at 
least — exceedingly  rare. 

When  the  operation  is  per- 
formed, the  object  attained  is  the 
estabhshment  of  a  false  joint. 
The  humerus  is  usually  divided  through  the  surgical  neck. 

In  this  excision  the  subperiosteal  method  is  especially  to 
be  advised. 

Excision  of  the  shoulder  was  first  performed  by  Bent,  of 
Newcastle,  in  1771  {Philosojyliical  Transactions,  vol.  Ixiv.,  page 
353,  1774).  Orred,  of  Chester,  performed  the  same  operation 
in  1778  (Ibid.,  vol.  Ixix.,  page  6,  1779).  In  1786  Moreau  the 
elder  excised  the  shoulder-joint,  hterally  removing  not  only 
the  upper  end  of  the  humerus,  but  also  such  part  of  the 
scapula  as  supported  the  glenoid  fossa,  together  with  part  of 
the  acromion. 


Fig.  192. — EXCISION  OP  THE 

shouldee;  moeeau's  squaee  flap. 
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The  operation  was  warmly  supported  in  Great  Britain  by 
Syme,  with  whom  must  rest  the  credit  of  placing  this  pro- 
cedure among  the  recognised  operations  of  modern  surgery. 

In  the  early  operations  the  joint  was  exposed  by  raising  a 
flap  taken  from  the  deltoid  region. 

Bent  made  a  flap  with  the  base  internal,  employing  one 
vertical  and  two  transverse  incisions.  Moreau's  flap  had  its 
base  inferior  (Fig.  192),  Avhile  the  flap  devised  by  Morel  had 

its  base  superior  (Fig.  193,  b). 
Syme  employed  a  posterior 
flap  of  somewhat  large  size. 
Sabatier's  flap  was  V-shaped. 

The  flap  operations  have 
been  j)i"^ctically  abandoned. 
The  credit  of  introducing  the 
single  anterior  vertical  or 
oblique  incision  now  in  general 
use  is  ascribed  to  Baudens  and 
Malgaigne.  Orred,  it  may  be 
remarked,  had  used  a  longi- 
tudinal incision  from  the  socket 
of  the  shoulder  to  the  inser- 
tion of  the  deltoid. 

Chassaignac  (1844)  appears 
to  have  been  the  first  surgeon  to  advise  that  the  biceps 
tendon  should  not  be  divided. 

The  perfection  of  the  subperiosteal  method  is  the  work  of 
OUier. 

Neudorfer  employed  a  curved  incision  which,  starting  from 
the  spine  of  the  scapula,  passed  over  the  acromion  to  the 
coracoid  process.  The  acromion  was  sawn  through,  and  the 
head  of  the  bone  thrust  out  (Fig.  193,  a). 

Anatomical  Points. — The  shoulder-joint  is  very  simple  in 
its  construction,  and  the  bony  points  in  the  vicinity  of  the 
joint  are  easily  made  out.  The  part  of  the  humerus  felt 
beneath  the  deltoid  muscle  is  not  the  head,  but  the  tuberosi- 
ties— the  greater  tuberosity  externally,  the  lesser  in  front.  A 
considerable  portion  of  the  head  of  the  humerus  can  be  felt 
through  the  caj)sule  when  the  fingers  are  passed  high  up 
into  the  axilla,  and  the  limb  is  abducted.     The  head  of 
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the  bone  faces  very  much  in  the  direction  of  the  internal 
condyle. 

When  the  arm  hangs  at  the  side,  with  the  palm  forwards, 
the  bicipital  groove  looks  directly  forwards. 

The  position  of  the  coraco-acromial  ligament  may  be 
defined,  and  a  knife  thrust  through  the  middle  of  it  would 
strike  the  biceps  tendon  and 
open  the  shoulder-joint. 

The  groove  between  the 
pectoralis  major  and  deltoid 
muscles  is  usually  to  be  made 
out.  In  it  run  the  cephalic 
vein  and  a  large  branch  of  the 
acromio-thoracic  artery.  Near 
the  groove,  and  a  little  below 
the  clavicle,  the  coracoid  process 
may  be  felt.  The  process,  hoAv- 
ever,  does  not  actually  present 
in  the  interval  between  the  two 
muscles,  but  is  covered  by  the 
uppermost  fibres  of  the  deltoid. 

The  circumflex  nerve  and 
posterior  circiunflex  artery  cross 
the  humerus  in  a  horizontal 
line  that  is  about  a  finger's- 
breadth  above  the  centre  of 
the  deltoid  muscle,  as  measured  from  the  acromion  to  the 
deltoid  insertion.  The  artery  is  usually  above  the  nerve. 
The  point  at  which  these  structures  cross  the  humerus  about 
corresponds  to  the  surgical  neck. 

The  capsule  of  the  joint  is  very  lax,  and  is  attached  to  the 
humerus  alonsr  the  line  of  the  anatomical  neck. 

The  line  of  the  epiphyseal  cartilage  is  shown  in  Fig.  194. 
The  inner  part  of  the  cartilage  is  just  within  the  capsule,  the 
outer  anterior  and  posterior  parts  are  entirely  subperiosteal. 
The  epiphysis  is  united  with  the  shaft  at  about  the  age  of 
twenty  years. 

The  surgical  neck  is  situated  between  the  bases  of  the 
tuberosities  and  the  insertions  of  the  latissimus  dorsi,  teres 
major,  and  pectoralis  major  muscles  (Fig.  195). 


Fig.  194. — UPPEE  END  OF  THE  HUMEEUS 

IN  A  SUBJECT  AGED  16.    {After  Oilier.) 

A,  EpiiDhysis ;  B,  Upper  part  of  cap- 
sule ;  c.  Lower  part  of  capsule. 
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To  the  greater  tuberosity  is  attached  the  supra-spinatus, 
infra-spinatus,  and  teres  minor  ;  to  the  lesser  process  the  sub- 
scapularis. 

1.  The  Operation  by  an  Anterior  Incision. 

The  method  here  described  is  the  "open  method."  The  sub- 
periosteal operation  is  dealt  Avith  in  the  section  which  follows. 

Operation. — The  patient  lies  upon  the  back,  close  to  the 
edge  of  the  table,  with  the  shoulders  well  raised. 

The  elbow  is  flexed,  and  is  carried  a  little  from  the  side. 
The  assistant  who   holds  the  limb  sits  or  stands  by  the 

patient's  loins.  The  surgeon 
takes  up  a  position  to  the 
outer  side  of  the  shoulder  and 
faces  the  subject.  A  second 
.assistant  stands  behind  the 
shoulder,  facing  the  operator. 
The  bony  points  about  the 
joint  should  be  defined. 

(a)  The  Incision. — The  in- 
cision, Avhich  is  three  and  a 
half  to  four  inches  in  length, 
commences  at  the  outer  side 
of  the  tip  of  the  coracoid  pro- 
cess, and  is  carried  downwards 
and  a  little  outwards  to  follow 
the  inclination  of  the  anterior 
margin  of  the  deltoid  muscle 
(Fig.  196,  A). 

The  knife  is  carried  straight 
down  to  the  joint,  the  coraco- 
acromial  arch  is  exposed,  and 
the  capsule  of  the  joint  laid  bare  in  the  line  of  the  incision. 
The  biceps  tendon  is  next  sought  for,  and  the  capsular  liga- 
ment is  opened  vertically  just  to  the  outer  side  of  the  tendon. 
It  is  most  conveniently  incised  from  below  upwards. 

{}))  The  Separation  of  the  Outer  Margin  of  the  Wound. — 
The  operator  now  proceeds  to  clear  the  tissues  from  the  bone 
upon  the  outer  side  of  the  Avound.  In  the  case  of  the  right 
limb  this  will  be  the  left  margin  of  the  wound,  and  in  the  case 
of  the  left  limb  the  right  margin. 


Fig.  195. — DIAGRAM  OF  THE  UPPEE  END 
OF  THE  HUMEEUS. 

A,  Attachment  of  capsule  and  anatomical 
neck  ;  B,  Line  of  epiphysis  ;  c,  Surgical 
neck  ;  s.s,  Supra-spinatus  ;  s.sc,  Sub- 
scapularis  ;  L.n,  Latissimus  dorsi ; 
p.M,  ■  Pectoralis  major ;  T.if,  Teres 
major. 
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The  parts  arc  well  retracted  with  the  left  thumb,  aided 
when  required  by  retractors.  The  surgeon  uses  a  blunt- 
pointed  knife,  and  separates  the  soft  parts  from  the  upper  end 
of  the  humerus  by  cutting  on  to  the  bone. 

The  instrument  should  be  kept  as  close  to  the  bone  as 
possible.  As  the  separation  proceeds,  the  assistant  rotates  the 
humerus  inwards,  while  at  the  same  time  he  depresses  the 
elbow,  and  forces  the  head  of  the  bone  forwards. 

The  surgeon  clears  the  capsule  from  the  outer  part  of  the 
bone,  and  on  reaching  the  external  tuberosity  severs  the  in- 
sertions of  the  supra-spinatus,  infra-spinatus,  and  small  teres 
muscles. 

The  second  assistant  aids  in  retracting  the  soft  parts. 

(c)  The  Separation  of  the  Inner  Margin  of  the-  W ound. — 
The  Hmb  is  restored  to  the  position  it  originally  occupied,  and 
the  surgeon  proceeds  to  clear  the  bone  upon  its  inner  aspect 
in  the  manner  just  described.  The  humerus  is  rotated  out- 
wards as  he  proceeds  ;  and  when  the  lesser  tuberosity  is  reached, 
the  subscapularis  insertion  is  divided  and  the  attachment  of 
the  capsule  beyond  it. 

In  this  stage  care  must  be  taken  of  the  biceps  tendon, 
which  should  be  drawn  aside. 

(d)  The  Clearing  of  the  Neck  of  the  Bone. — The  biceps 
tendon  is  displaced  inwards.  The  elbow  is  flexed,  and  the  arm 
is  held  vertically  (i.e.,  at  right  angles  to  the  table),  and  is 
thrust  upwards  so  that  the  head  of  the  bone  is  made  to  project 
through  the  wound.  The  posterior  part  of  the  neck  of  the  bone 
is  cleared,  and  the  parts  prepared  for  the  passage  of  the  saw. 

(e)  The  Excision  of  the  Head  of  the  Humerus. — The  head  of 
the  bone  is  seized  with  lion  forceps  held  in  the  surgeon's  left 
hand,  and  the  bone  is  sawn  through  with  either  a  small 
Butcher's  saw  or  a  thin  saw  with  a  movable  back.  The  saw- 
cut  should  incline  from  without  very  slightly  downwards  and 
inwards,  so  that  no  sharp  end  may  be  left  which  might  press 
upon  the  axillary  vessels  or  nerves. 

In  sawing  the  left  humerus  the  surgeon  stands  facing  the 
patient,  in  dealing  with  the  right  he  will  find  it  more  con- 
venient to  stand  behind  the  shoulder  (by  the  patient's  head). 
While  the  saw  is  being  used,  the  soft  parts  must  be  protected 
by  metal  spatuke. 
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(/)  The  glenoid  cavity  is  examined,  a  counter-puncture  for 
drainage  is  made  at  the  posterior  and  inferior  part  of  the 
wound,  the  skin  incision  is  closed  with  sutures,  and  the  limb 
placed  in  position. 

Comment— This  procedure  can  claim  to  be  the  best  and 
the  most  generally-adopted  method  of  excising  the  shoulder. 

The  capsule  is  readily  reached,  the  biceps  tendon  is  easily 
dealt  with  and  protected  from  hurt,  and  no  injury  is  inflicted 

upon   the  most  important 
t  muscle  of  the  shoulder — the 

deltoid.  The  Avound  is  not 
well  adapted  for  drainage,  a 
defect  met  by  the  counter- 
puncture  just  described. 
The  incision  described  is 
that  of  Baudens,  Hueter,  and 
Oilier. 

Langenbeck's  incision  is 
placed  more  to  the  outer 
side,  and  has  for  its  start- 
ing-point the  acromio-clavi- 
cular  jomt  (Fig.  196,  b).  No 
especial  advantage  appears 
to  have  been  claimed  for  a 
skin  wound  so  placed,  while 
it  has  the  disadvantage 
of  inflicting  more  serious 
damage  upon  the  deltoid  muscle. 

In  operating  upon  the  left  side  it  may  be  more  convenient 
to  clear  the  left  side  of  the  wound  first. 

As  little  bone  should  be  removed  as  is  possible.  In  some 
instances  it  may  be  j)racticable  to  make  the  section  at  the 
anatomical  neck.  It  will  obviously  be  a  great  gain  if  either  of 
the  tuberosities  can  be  saved.  The  higher  the  saw-cut,  the 
wider  the  section. 

In  children  only  very  little  of  the  bone  can  be  removed 
without  taking  away  the  whole  of  the  epiphysis. 

So  far  as  the  growth  of  the  arm  is  concerned,  this  is  the 
most  important  epiphysis  in  the  limb. 

Some  surgeons  have  advised  that  the  bone  be  sawn  in 


Fig.   IiJ6. — EXCISION  OF  THE  SHOtTLDEE. 

A,  Incisions  of  Baudens,  Hueter,  and 
Oilier  ;  B,  Vertical  incision  of  Langen- 
beck  and  others;  c,  Morel's  incision. 
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situ — i.e.,  that  the  head  be  not  protruded  through  the  wound. 
This  method,  however,  is  less  precise,  Httle  opportunity  is 
given  of  fully  examining  the  part,  and  the  tissues  around 
may  be  damaged  by  the  saAv.  If  the  bone  be  divided  in  situ 
a  chain-saw  should  be  employed. 
2.  The  Subperiosteal  Operation. 

The  patient  is  placed  in  the  same  position  as  in  the  last 
operation.  The  arm  lies  by  the  side.  The  same  incision 
is  made.  The  capsule  is  exposed,  and  the  biceps  tendon  dis- 
covered. 

The  capsule  is  incised  vertically  to  the  outer  side  of  the 
biceps  tendon,  and  the  incision  is  earned  downwards  through 
the  periosteum  on  the  neck  of  the  bone  as  far  as  the  intended 
saw-cut.  The  knife  is  now  laid  aside  for  the  rugine  and 
elevator.  Commencing  at  the  outer  segment  of  the  wound,  the 
surgeon  separates  all  the  soft  parts  from  the  bone,  detaching 
the  periosteum,  the  capsular  ligament,  and  the  muscular  inser- 
tions in  one  continuous  and  unbroken  layer.  The  rugine  is 
worked  upwards  and  downwards.  The  arm  is  rotated  inwards 
gradually,  and  is  at  the  same  time  abducted,  and  the  head  of 
the  bone  pushed  upwards  and  forwards.  The  greater  tuberosity 
is  reached  and  cleared,  and  the  bone  freed  as  far  as  possible 
beyond  it.  In  clearing  the  outer  part  of  the  humerus,  the 
surgeon  should  stand  facing  the  patient  while  dealing  with  the 
right  hmb,  and  behind  the  shoulder — i.e.,  close  to  the  head — 
while  treating  the  left  limb. 

In  the  process  the  thumb  and  suitable  steel  retractors 
must  be  vigorously  employed  to  draw  back  the  separated 
tissues. 

The  next  step  consists  of  clearing  the  lesser  tuberosity,  and 
the  inner  part  of  the  neck  of  the  bone.  Like  measures  are 
adopted.  As  the  surgeon  progresses,  the  limb  is  rotated  out- 
wards, the  arm  is  adducted,  and  the  head  of  the  humerus  is 
thrust  upwards  and  forwards. 

In  this  part  of  the  operation  the  surgeon  stands  facing 
the  patient  when  excising  the  left  bone,  and  behind  the 
shoulder  when  operating  upon  the  right  side. 

The  head  of  the  bone  is  now  thrust  out  of  the  wound,  and 
the  neck  is  cleared  of  any  remaining  ligamentous  or  periosteal 
attachments. 
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The  excision  of  the  head  is  carried  out  in  the  manner 
already  described. 

Comment. — This  operation  differs  from  the  last  only 
in  the  essential  particular  that  the  bone  is  laid  entirely 
bare. 

The  metliod  is  of  course  not  always  practicable,  and  some- 
times not  advisable  ;  but  whenever  it  is  possible,  it  should  be 
carried  out.  The  results  which  have  been  obtained  by  the 
subperiosteal  method  are  infinitely  superior,  so  far  as  function 
is  concerned,  to  those  which  follow  the  open  method.  The 
attachments  of  the  rotator  muscles  are  saved,  and  the 
continuity  of  the  capsule  with  the  periosteum  of  the  shaft  of 
the  bone  is  preserved.  The  actual  amount  of  periosteum  saved 
is  not  considerable. 

3.  Other  Methods. 

1.  The  Deltoid  Flap. — The  chief  forms  of  deltoid  flap  which 
have  been  from  time  to  time  made  use  of,  have  been  already 
described  in  the  introductory  paragraphs.  This  form  of  opera- 
tion Avould  appear  to  be  now  abandoned.  It  has  the  advan- 
tages of  being  easy  of  performance,  and  of  well  exposing  the 
parts  of  the  joint.  It  has  the  overwhelming  disadvantage  of 
destroying  the  function  of  the  deltoid  muscle.  It  is  conceiv- 
able that  the  operation  might  still  be  carried  out  in  some  cases 
of  new  growth,  e.g.,  a  large  enchondroma  involving  the  upper 
end  of  the  bone,  for  the  removal  of  which  considerable  space 
would  be  required. 

2.  The  Posterior  Incision. — Sir  William  MacCormac  con- 
siders that  this  method  may  be  carried  out  when  it  is  not 
necessary  to  divide  the  bone  below  the  tuberosities,  and 
describes  the  operation  in  the  following  words  : — 

"  The  patient  must  be  placed  on  the  sound  side,  the  arm 
flexed  at  the  elbow,  somewhat  abducted  and  rotated  outwards, 
so  that  the  external  condyle  looks  backwards.  This  brings  the 
middle  of  the  great  tuberosity  into  the  line  of  the  Avound.  A 
vertical  incision  is  then  made  downwards  for  about  four  inches 
from  the  prominent  angular  projection  so  plainly  felt  on  the 
inferior  margin  of  the  acromion  (Fig.  197).  The  posterior 
part  of  the  deltoid  is  divided,  and  the  knife  at  once  sunk  into 
the  capsule  beneath  the  acromion.  The  great  tuberosity  and 
the  bicipital  groove  just  in  front  of  it  may  now  be  brought 
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within  the  area  of  the  wound,  and  the  muscles  attached  to  the 
tuberosity  can  be  separated.    The  rotation  outwards  of  the  arm 
being  continued,  the  elevator  is  used  to  raise  the  periosteum 
and  capsule  till  the  bicipital  groove  is  reached,  when  the 
biceps  tendon  is  dislodged.    Then  the  arm  must  be  strongly 
rotated  inwards,  and  the  subscapularis  muscle  at  its  insertion 
will  come  into  view.    This  is  separated  in  a  similar  manner 
from  the  lesser  tuberosity.    The  head  may  now  be  made  to 
project  from  the  wound,  and  by  rotating  alternately  outwards 
and  inwards  any  remaining  soft  parts  or  capsule  may  be 
divided  on  the  anterior  and  axillary  margins  of  the  wound,  the 
head  fully  luxated  and  removed.    The  trunk  of  the  circumflex 
nerve  will  in  this  case  be  cut 
through,  and  no  active  abduction  .5. 
can    afterwards    be  expected. 
Through  the  posterior  incision  '^^^'^.^ 
the  glenoid  cavity,  if  need  be, 
can  be  much  more  easily  re- 
moved than  through  the  anterior 
wound." 

Except  in  so  far  that  good 
drainage  is  provided  for,  and 
that  the  glenoid  process  can  be 
more  readily  dealt  with,  this 
operation  is  in  every  way  in- 
ferior to  the  method  by  the 
anterior  incision. 

After-treatment.  —  The  up- 
per end  of  the  humerus  is  to  be 
brought  into  contact  with  the 

glenoid  fossa.  The  arm  is  secured  to  the  side,  the  hand 
rests  in  a  sling.  A  large  pad  of  cotton-wool  is  introduced 
into  the  axilla.  This  pad  is  intended  to  support  the  bone, 
to  assist  in  fixing  the  parts,  and  to  counteract  the  tend- 
ency which  will  be  exhibited  for  the  upper  end  of  the 
humerus  to  be  drawn  inwards  under  the  coracoid  process. 
This  displacement  is  especially  apt  to  occur  when  the 
external  rotator  muscles  have  been  divided,  and  there  is 
little  to  withstand  the  action  of  the  pectoralis  major  and 
latissimus  dorsi.    The  size  of  the  pad  must  be  regulated 


Fig. 


197. — EXCISION   OF  SHOULDEE  : 
POSTEEIOB  INCISION. 
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according  to  the  needs  of  tlie  case.  It  should  be  of  triangular 
outhne,  with  the  base  uppermost. 

The  pad  is  hkely  to  fail,  if  it  fail  at  all,  from  being  too 
small  rather  than  too  large.    No  sphnt  is  required. 

Passive  movements  of  the  fingers,  Avrist,  and  elbow,  may  be 
commenced  within  a  day  or  two  of  the  operation.  Very  gentle 
passive  movements  of  the  shoulder  may  be  first  attempted  at 
the  end  of  some  fourteen  days.  These  movements  should 
consist  of  flexion  and  extension,  of  slight  rotation,  and  of  still 
slighter  abduction.  The  latter  position  tends  to  throw  the 
end  of  the  bone  inwards — or,  rather,  to  assist  the  disposition  to 
that  deviation.  Massage,  electricity,  and  active  movements  will 
follow  in  due  course.  The  arm  may  be  allowed  to  hang,  with 
no  other  support  than  a  shng,  at  the  end  of  some  four  or  five 
weeks. 

Results. — The  results  of  this  operation  may  be  considered 
to  be  very  satisfactory.  Culbertson,  dealing  with  115  cases  of 
excision  for  disease,  shows  that  the  mortality  has  been  only 
18*2  per  cent.,  a  result  which  compares  very  favourabl}'-  with 
the  mortality  after  amputation  at  the  shoulder-joint. 

There  is  no  doubt  that  increasing  care  in  the  selection  of 
cases,  and  more  j)i'ecise  measures  for  treating  wounds,  have 
led  to  a  substantial  reduction  in  the  mortality  as  given  by  Cul- 
bertson in  1876.  More  than  two-thirds  of  the  subjects  of 
the  operation  appear  to  recover,  with  quite  useful  limbs. 
In  many  instances  the  restoration  of  function  has  been 
remarkable.  As  a  rule  flexion  and  extension  are  freely  per- 
formed, and  the  patient  can  lift  considerable  weights. 

Adduction  also  is  well  accomplished.  On  the  other  hand, 
rotation  movements  and  abduction  are  feebly  performed. 

The  arm  cannot  be  lifted  beyond  a  right  angle  with  the 
trunk.  It  is  after  the  subperiosteal  operations  that  the  best 
results  have  been  obtained,  and  some  of  Olher's  cases  show  a 
very  remarkable  restoration  of  function. 

There  is  a  tendency,  as  already  stated,  for  the  upper  end 
of  the  bone  to  assume  the  position  occupied  by  the  head  in 
sub-coracoid  dislocation.  Anchylosis  appears  to  result  more 
frequently  than  a  flail-like  joint. 
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CHAPTER  XV. 
Excision  of  the  Clavicle  and  Scapula. 

THE  clavicle. 

The  clavicle  has  frequently  been  removed  in  whole  or  in 
part.  The  conditions  for  which  the  operation  has  been  per- 
formed are  caries,  necrosis,  tumour,  severe  injury  {e.g.,  gun- 
shot wound),  and  irreducible  dislocation  of  the  inner  end  of 
the  bone,  causing  pressure  symptoms. 

The  first  operation  for  the  complete  removal  of  the  clavicle 
appears  to  have  been  performed  by  McCreary,  of  Kentucky,  in 
1811,  for  necrosis  (Johnson,  Med.  and  Surg.  Journ.,  vol.  vi., 
page  474,  1850). 

Anatomical  Points. — The  general  anatomy  of  the  clavicle 
need  not  be  given  in  detail  in  this  place. 

The  bone  is  superficial,  and  is  crossed  in  front  by  the 
supra-clavicular  nerves,  and  a  small  vein  Avhich  connects  the 
cephalic  with  the  external  jugular. 

The  main  ligaments  that  hold  the  bone  in  place  are  the 
conoid,  the  trapezoid,  the  rhomboid,  and  the  inter-clavicular. 

The  extent  of  the  attachment  of  the  great  muscles — the 
deltoid,  the  trapezius,  the  pectorahs  major,  and  the  sterno- 
mastoid — must  be  borne  in  mind. 

The  two  curves  of  the  bone  meet  at  the  junction  of  the 
middle  with  the  outer  third,  and  it  is  here  that  the  bone  is 
the  most  slender. 

The  clavicle  begins  to  ossify  before  any  long  bone  in  the 
body,  and  at  birth  the  entire  shaft  is  bony,  the  tAvo  ends  being 
still  cartilaginous.  There  is  one  epiphysis — a  mere  shell — for  the 
sternal  end.  It  appears  between  the  eighteenth  and  twentieth 
years,  and  joins  the  shaft  at  twenty-five. 

Beneath  the  clavicle  the  great  vessels  and  the  great  nerve- 
cords  lie  upon  the  first  rib.  The  vein  is  the  most  internal, 
Q  Q 
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and  occupies  the  acute  angle  between  the  collar-bone  and  the 
first  rib.  Between  these  structures  and  the  bone  is  interposed 
the  subclavius  muscle  and  the  dense  fascia  which  surrounds 
it.  This  muscle  is  of  great  service  in  the  operation,  and 
affords  a  substantial  protection  to  the  parts  beneath. 

Behind  the  clavicle  the  following  structures  may  be  noted: — 
The  innominate,  subclavian,  and  external  jugular  veins  ;  the 
subclavian,  supra-scapular,  and  internal  mammary  arteries ; 
the  cords  of  the  brachial  plexus  ;  the  phrenic  nerve  and  nerve 
of  Bell ;  the  thoracic  duct ;  the  omo-hyoid,  scalene,  sterno- 
hyoid, and  sterno-thyroid  nuiscles ;  the  pleura  and  the  apex 
of  the  lung. 

Operation. — The  })atient  is  placed  in  the  position  advised 
in  ligaturing  the  third  part  of  the  subclavian  artery,  and  the 
surgeon  stands  upon  the  affected  side.  The  excision  knife 
should  be  small  and  blunt-pointed. 

An  incision  is  made  along  the  whole  length  of  the  bone — 
when  entire  excision  is  intended — and  extends  beyond  it 
over  the  sterno-clavicular  and  acromio-clavicular  joints. 

The  bone  is  carefully  cleared  of  all  its  soft  parts  upon  the 
superior  and  anterior  aspects. 

If  the  case  be  suited  for  the  subperiosteal  method,  the 
rugine  may  be  employed  to  lay  the  bone  bare. 

A  way  should  be  made  immediately  behind  the  bone  at 
the  junction  of  the  outer  with  the  middle  thirds,  and  at  this 
point  a  chain-saw  should  be  passed  around  the  clavicle  with 
the  usual  precautions. 

When  the  bone  has  been  divided,  the  inner  end  of  the 
acromial  segment  is  seized  with  hon  forceps,  and  is  drawn 
forwards  with  the  left  hand,  while  with  the  right  the  surgeon 
clears  it  upon  its  inferior  and  posterior  aspects.  When  the 
acromial  part  has  been  removed,  the  sternal  segment  is  seized 
and  dealt  with  in  hke  manner.  It  is  the  removal  of  this 
portion  of  the  bone  that  involves  the  chief  element  of  risk  in 
the  operation. 

Throughout  the  Avhole  of  the  excision  the  greatest  care 
must  be  taken  to  keep  the  knife  close  to  the  bone,  to  cut 
always  on  the  bone,  to  be  equally  cautious  with  the  rugine, 
and  to  use  spatulas  and  retractors,  so  as  to  protect  the  soft 
parts  in  the  event  of  the  instrument  slipping. 
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After  the  excision  the  wound  is  closed  with  sutures,  and 
the  Hmb  is  adjusted  as  in  the  treatment  of  fracture  of  the 
clavicle. 

Comment. — The  above  description  can  give  little  idea  of 
this  excision,  and  an  operation  upon  the  cadaver  can  afford 
little  conception  of  the  procedure  as  it  is  carried  out  in 
practice. 

In  deahng  with  the  living  subject  the  parts  will  be  so 
modified  and  disturbed  by  injury  or  disease  that  the  lines  of 
a  formal  operation  cannot  be  recognised. 

Those  who  have  carried  out  excision  of  the  clavicle  only  on 
the  cadaver  can  hardly  realise  that  in  Mott's  well-known  case 
the  operation  occupied  four  hours,  and  over  thirty  ligatures 
were  applied.  The  patient  was  a  lad  of  nineteen,  and  the 
excision  was  for  a  new  growth.  An  excellent  recovery 
resulted  {Amer.  Journ.  Med.  Sci.,  vol.  iii.,  O.S.,  page  100, 
1828). 

The  operation  is  usually  attended  with  much  bleeding  ; 
and  the  nearer  the  subperiosteal  method  can  be  adhered  to 
the  less  will  this  be  in  amount. 

The  large  veins  in  the  vicinity  of  the  bone  are  exposed  to 
gTeat  risk,  and  have  been  both  wounded  and  torn.  Another 
great  danger  depends  upon  the  entrance  of  air  into  divided 
veins. 

There  is  risk  of  wounding  the  pleura,  of  tearing  the 
thoracic  duct,  and  of  injuring  some  of  the  important  nerves 
which  are  close  to  the  sternal  end  of  the  bone. 

A  key-saw  may  be  used  in  the  place  of  the  chain-saw. 

Results. — Ashhurst  has  coRected  28  examples  of  excision 
of  the  entire  clavicle.  The  operation  was  performed  16  times 
for  caries  or  necrosis,  9  times  for  tumour,  and  3  times  for 
injury.    Six  patients  died,  and  22  recovered. 

Among  74  examples  of  partial  excision  of  the  bone,  only 
10  deaths  are  recorded. 

THE  SCAPULA. 

In  the  larger  number  of  cases  of  excision  of  this  bone  the 
operation  has  been  performed  for  tumour.    Excision  has  also 
been  carried  out  in  the  treatment  of  caries  or  necrosis,  and  for 
severe  injury. 
Q  Q  2 
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In  the  greater  proportion  of  the  instances  the  excision  has 
been  partial. 

Partial  excisions,  such  as  concern  the  removal  of  the  acro- 
mion, or  of  portions  of  the  spine  for  necrosis,  hardly  come 
under  the  present  category.  These  operations  involve  Httle 
more  than  the  removal  of  sequestra. 

Lis  ton  in  1819  removed  about  three-fourths  of  the  scapula 
for  tumour,  leaving  the  glenoid  cavity  and  the  processes 
("  Elements  of  Surgery,"  2nd  ed.,  page  190). 

Luke  in  1828  performed  an  operation  of  like  magnitude, 
also  for  tumour  (Lond.  Med.  Gaz.,  1830,  vol.  v.). 

The  first  operation  for  the  removal  of  the  entire  bone  is 
ascribed  to  Langcnbcck  in  1855  (DeutscJte  Klinik,  1855). 

Anatomical  Points. — The  precise  attachment  of  the  various 
scapular  muscles  must  be  borne  in  mind. 

It  is  well  to  note  also  the  dense  fascia  which  covers  and 
binds  down  the  muscles  of  the  supra-spinous  and  infra-spinous 
regions. 

The  exact  attachments  of  the  capsular  ligament,  of  the 
conoid  and  trapezoid  ligaments,  and  of  the  coraco-humeral 
ligament,  are  material  to  this  operation. 

The  importance  of  savmg  the  glenoid  segment  of  the 
bone,  and  the  acromion  and  coracoid  processes  will  be  obvious. 

A  line  drawn  from  the  supra-scapular  notch  through  the 
great  scapular  notch  marks  the  site  of  the  surgical  neck  of 
the  bone,  and  isolates  the  glenoid  cavity  and  coracoid  process. 
The  periosteum  is  thick  and  strong  over  the  spine,  the  acro- 
mion and  coracoid  processes,  and  along  the  borders. 

The  epiphysis  which  forms  the  acromion  joins  the  main 
bone  at  nmeteen ;  that  which  forms  the  coracoid,  at  about 
fourteen. 

Nutrient  branches  from  the  subscapular  artery  pierce  the 
concave  surface  of  the  bone,  while  like  vessels  from  the  supra- 
scapular artery  enter  foramina  in  both  the  supra-spinous  and 
infra-spinous  fossas. 

The  main  vessels  to  be  noted  in  connection  with  the 
operation  are — (1)  the  supra-scapular,  at  the  superior  border 
of  the  bone,  where  it  crosses  over  the  ligament  of  the  supra- 
scapular notch  ;  (2)  the  posterior  scapular,  which  follows  the 
vertebral  border  of  the  bone  under  cover  of  the  rhomboids 
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(3)  the  subscapular,  which  runs  along  the  lower  border  of  the 
subscapularis  muscle  to  reach  the  inferior  angle ;  (4)  the 
dorsalis  scapulre,  which  crosses  the  axillary  border  of  the  bone 
to  enter  the  infra-spinous  fossa  ;  and  (5)  the  acromial  branches 
of  the  acromio-thoracic  artery  which  ramify  about  the  acromion 
process. 

The  largest  of  these  vessels  are  the  dorsalis  scapul£e  and 
the  subscapular.  The  former  vessel  crosses  the  axillary 
border  of  the  scapula  at  a  point  on  a  level  with  the  centre  of 
the  vertical  axis  of  the  deltoid  muscle. 

Operation. — The  patient  lies  close  to  the  edge  of  the  table, 
and  upon  the  sound  side.  The  back  of  the  scapula  is  well 
exposed.  The  following  incisions  are  made : — One  follows  the 
vertebral  border  of  the  bone  fi-om  the  superior  to  the  inferior 
angle ;  it  is  to  the  outer  side  of  the  border,  and  is  parallel 
with  it.  A  second  incision  commences  over  the  acromio- 
clavicular joint,  and  is  carried  along  the  acromion  and  spine  to 
meet  the  first  incision  at  a  right  angle. 

Two  flaps  are  thus  formed — an  upper  and  a  lower  one. 
The  operation  is  carried  out  in  the  following  steps : — 

1.  The  upper  flap  is  first  turned  up,  and  the  trapezius 
muscle  is  divided  along  its  line  of  attachment  to  the  bone. 

2.  The  lower  flap  is  turned  down,  and  the  deltoid  muscle 
is  in  like  manner  divided  at  its  insertion. 

3.  The  patient's  hand  is  drawn  as  far  as  possible  over  the 
shoulder  of  the  sound  side,  to  bring  into  prominence  the 
vertebral  border. 

All  the  muscles  attached  to  this  border  are  severed  close 
to  the  bone.    The  posterior  scapular  artery  is  ligatured. 

The  free  edge  of  the  scapula  is  dragged  towards  the 
operator,  and  the  serratus  magnus  is  cut  through. 

4.  AVhile  the  hmb  is  still  in  the  same  position  the 
superior  border  of  the  bone  is  cleared  and  the  supra-scapular 
artery  is  ligatured. 

5.  The  patient's  hand  is  now  dragged  down  towards  the 
hip.  The  acroraio-clavicular  joint  is  opened.  Any  remaining 
attachments  of  the  deltoid  and  trapezius  are  divided.  The 
conoid  and  trapezoid  ligaments  are  cut  from  behind,  close  to 
the  clavicle. 

The  limb  is  so  manipulated  that  the  coracoid  process  is 
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turned  towards  the  operator.  The  muscles  attached  to  it 
(biceps,  coraco-brachialis,  pectoralis  minor)  and  the  remaining 
ligamentous  fibres  are  divided. 

G.  The  capsule  is  divided  with  the  muscles  around  it, 
viz.,  the  supra-spinatus,  infra-spinatus,  and  subscapularis.  The 
scapular  heads  of  the  biceps  and  triceps  are  cut.  The  bone  is 
now  only  connected  by  means  of  its  axillary  border. 

7.  The  nuiscles  of  the  axillary  border — the  teres  major 
and  minor— are  divided  near  to  the  scapula. 

The  subscapular  artery  is  sought  for  and  ligatured. 

The  scapula  is  at  this  last  stage  in  such  a  position  that  the 
muscles  may  be  cut  from  before  backwards,  and  the  tnmk 
of  the  subscapular  artery  may  be  exposed  before  it  gives  off 
the  dorsalis  scapulte. 

Comment. — The  steps  of  the  operation  need  not  follow  the 
above  course,  but  may  be  varied  as  found  most  convenient. 
It  is  very  desirable,  however,  that  the  muscles  of  the  axillary 
border,  and  the  subscapular  artery,  should  be  left  to  the  last. 

The  great  risk  throughout  the  operation  is  from 
hosmorrhage ;  and  as  the  excision  is  most  usually  carried 
out  for  a  sarcomatous  growth,  the  vessels  are  numerous  and  of 
large  size.  It  is  essential  that  compression  of  the  subclavian 
artery  be  maintained,  and,  if  necessary,  a  special  incision  may 
be  made  over  that  vessel  in  order  that  it  may  be  more 
conveniently  reached. 

The  main  vessels  may  be  exposed  and  ligatured  before 
they  are  cut.  The  other  bleeding  arteries  must  be  clamped  as 
divided. 

"  Division  of  the  clavicle,"  writes  MacCormac,  "  with  a 
small  saw  just  internal  to  the  conoid  ligament  increases  the 
facility  with  which  the  later  steps  of  the  oiDcration  may  be 
completed,  for  then  time  is  not  lost  in  detaching  the  outer 
extremity  of  the  clavicle  from  its  connections  with  the 
scapula." 

It  is  assumed  in  the  above  description  that  the  operation 
is  performed  for  tumour,  and  consequently  the  deeper 
muscles  of  the  scapula — namely,  the  subscapularis,  supra- 
spinatus,  and  infra-spinatus — are  removed  with  the  bone,  their 
tendons  of  insertion  alone  being  left. 

The  subperiosteal  method  has  been  advised  in  performing 
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this  excision.  It  may  possibly  be  carried  out  when  dealing  with 
some  small  portion  of  the  bone — as  when  the  operation  is 
performed  for  limited  necrosis  or  caries — but  in  the  great 
majority  of  instances,  and  certainly  in  all  operations  for 
tumour,  the  method  is  entirely  ovit  of  place. 

The  procedure  is  slow  and  tedious,  and  enormous  masses 
of  quite  useless  muscle  are  left  attached  to  the  humerus.  If 
the  excision  be  for  a  growth,  the  more  completely  the  bone  is 
removed  the  better. 

Mr.  Pollock  (St.  George's  Hospital  Reports,  vol.  iv., 
page  236)  has  pointed  out  that  in  dealing  with  cases  of  new 
growth  the  removal  of  a  part  of  the  scapula  is  a  less 
satisfactory  proceeding  than  the  removal  of  the  whole. 

'■  If  a  portion  of  the  scapula  be  removed,  it  should  only  be 
the  lower  portion.  But  even  if  this  be  attempted,  the  loss  of 
blood  would  probably  be  much  greater  than  if  the  whole  bone 
were  removed ;  for  the  wound  is  more  confined,  and  the 
wounded  arteries  are  more  apt  to  retract  behind  the  bone 
above,  and  offer  great  obstacles  to  their  being  secured. 
However,  should  the  lower  angle  be  alone  the  seat  of  disease, 
the  attempt  to  remove  the  lower  portion  only  is  justifiable.  .  .  . 
As  the  removal  of  the  whole  bone  is  not  a  more  formidable 
operation  than  the  removal  of  a  portion  of  it,  and  as  the 
patient  has  less  chance  of  a  recurrence  of  his  disease  if  the 
whole  bone  be  taken  away,  it  should  be  in  a  very  exceptional 
case,  and  on  some  very  peculiar  merits  of  its  own,  that  the 
surgeon  ought  to  undertake  the  removal  of  a  portion  of  the 
scapula." 

The  instances,  however,  are  not  few  in  which  the  glenoid 
cavity  may  be  saved. 

After-treatment. — A  drain  should  be  introduced  into  the 
lower  part  of  the  wound  for  the  first  24  or  48  hours.  The 
patient  must  occupy  the  recumbent  position,  with  the 
shoulder  and  upper  limb  secured  upon  a  pillow.  As  soon  as 
healing  is  sound,  the  limb  may  be  supported  in  a  sling. 

Results. — The  utility  of  the  limb  preserved  is  often 
remarkable.  Patients  have  recovered  with  considerable 
power  in  the  extremity,  have  been  able  to  lift  weights  and 
follow  a  light  occupation. 

In  Mr.  Symond's  case  (Clin.  Soc.  Trans.,  vol.  xx.,  page  24) 
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the  patient  was  able  to  do  all  the  lighter  work  of  a  carpenter, 
inchiding  the  nse  of  a  plane.  Overhead  work  he  covdd  not 
manage. 

Ashhurst  has  collected  42  examples  of  removal  of  the 
entire  scapula.  In  2  the  result  is  unknown ;  32  recovered, 
and  8  died — a  mortality  of  20  per  cent. 
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Excisions  of  the  Toes,  Metatarsus,  and  Tarsus. 


The  general  as  well  as  the  detailed  observations  that 
apply  to  the  fingers  and  metacarpus,  apply  also  to  the  corre- 
sponding parts  of  the  foot. 

These  operations  are  but  very  rarely  indeed  carried  out, 
and  not  a  few  of  the  procedures  described  in  the  more  formal 
text-books  have 
no  real  existence 
in  practice. 

A  great  pro- 
portion of  the 
cases  for  which 
excision  has  been 
advised  are  more 
properly  treated 
by  amputation,  or 
by  some  other 
measure. 

The  importance  of  the  great  toe  in  the  general  mechanism 
of  the  foot  is  fully  recognised,  and  the  principal  excision 
operations  that  would  be  considered  under  the  present  head- 
ing have  reference  to  that  digit. 

The  metatarso-phalangeal  joint  of  the  great  toe  has  been 
excised  for  suppuration  of  the  articulation,  following  abscess 
of  a  bunion.  The  same  joint  has  also  been  excised  for  the 
relief  of  hallux  valgus  (.see  osteotomy  for  this  deformity),  and 
the  inter-phalangeal  joint  of  the  second  toe  has  been  excised 
to  remedy  the  mal-position  of  hammer-toe. 

The  removal  of  individual  metatarsal  bones  for  disease 
cannot  be  said  to  have  been  attended  with  satisfactory  results. 

The  metatarsal  bones  and  phalanges  agree  respectively  with 
the  corresponding  bones  of  the  hand  in  the  mode  and  time  of 
their  ossification. 


Fig.  198. — EXCISION  OF  riEST  METATAESAL  BONE. 
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The  operations  upon  the  various  bones  and  joints  are 
carried  ont  in  the  foot  upon  similar  Hnes  to  those  aheady 
described  in  connection  with  the  hand. 

The  two  principal  methods  of  excising  the  metatarsal 
bone  of  the  great  toe  are  sho-\vn  in  Figs.  198  and  199. 

EXCISION  OF  CERTAIN  BONES  OF  THE  TARSUS. 

Mickulicz's  osteo-plastic  resection  of  the  foot  is  described 
in  the  chapter  on  amputations  (page  456). 

Cuneiform  osteotomy  of  the  foot  is  dealt  with  in  t'  e  chapter 
on  osteotomy  (page  580). 

Excision  of  certain  individual  bones  of  the  tarsus  is 

occasionally  prac- 
tised. The  oper- 
ations concern 
mainly  the  astra- 
galus and  the  os 
calcis. 

The  cuboid 
has  been  removed 
in  the  treatment 
of   severe  forms 
of  talipes.  (See 
Osteotomy  of  the 
Foot,  page  580.) 
Other  of  the  tarsal  bones  have  been  removed — or,  more 
accurately  speaking,  gouged  out — through  a  simple  incision,  in 
cases  of  limited  disease. 

The  Synovial  Membranes  of  the  Foot. — In  dealing  with 
individual  bones  of  the  tarsus,  the  position  ^nd  extent  of  the 
synovial  membranes  of  the  tarsal  joints  must  be  borne  in 
mind. 

The  following  are  the  synovial  cavities  of  the  ankle  and 
tarsal  joints  (Fig.  200) : — 1.  The  synovial  membrane  of  the 
ankle-joint.  2.  A  sac  between  the  posterior  parts  of  the 
OS  calcis  and  astragalus,  behind  the  interosseous  ligament. 
(Not  shown  in  Fig.  200.)  3.  A  sac  of  synovial  membrane 
which  is  interposed  between  the  anterior  parts  of  the  os  calcis 
and  astragalus,  in  front  of  the  interosseous  membrane,  and 
between  the  head  of  the  astragalus  and  the  scaphoid.    4.  A 
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synovial  membrane  between  the  os  calcis  and  the  cuboid. 

5.  One  between  the  external   cuneiform   and  the  cuboid. 

6.  One  between  the  cuboid  and  the  fourth  and  fifth  meta- 
tarsal bones.  7.  A  sac  which  separates  the  internal  cunei- 
form from  the  first  metatarsal 
bone.  8.  A  large  and  most  ir- 
regidar  synovial  membrane  which 
is  insinuated  between  the  re- 
maining bones  of  the  foot,  and 
serves  to  connect  many  articula- 
tions. 

1.  The  Astragalus. 

This  bone  has  been  excised  for 
disease,  especially  for  caries  fol- 
lo\\mig  injury  in  healthy  subjects, 
for  gunshot  injuries  of  limited 
extent,  for  irreducible  or  unrediiced 
dislocations  of  the  bone,  and  for 
the  relief  of  some  forms  of  intract- 
able talipes. 

Anatomical  Points.  —  The 
bone  is  ia  relation  with  the 
synovial  membrane  of  the  ankle, 
with  that  separating  the  os  calcis 
from  the  astras^alus  behind  the 
interosseous  licjament,  and  with 
that  interposed  between  these  two 
bones  in  front  of  the  ligament, 

and  between  the  posterior  part  of  the  scaphoid  and  the  astragalus. 

The  head  of  the  astragalus  lies  in  a  socket  formed  by  the 
scaphoid,  the  anterior  concave  facet  on  the  sustentaculum 
tali,  and  the  inferior  calcaneo-scaphoid  ligament.  This  power- 
ful ligament  is  covered  with  fibro-cartilage  upon  its  iipper 
surface. 

The  most  important  ligament  actually  attached  to  the 
astragalus  is  the  interosseous,  which  passes  between  it  and  the 
OS  calcis. 

No  muscles  are  connected  with  this  bone. 
The  astragalus  begins  to  ossify  about  the  seventh  month  of 
foetal  life.    By  the  third  year  the  bone  will  be  about  half  bone 


Fig.  200. — THE   ARTICULATIONS  OF 
THE  FOOT. 
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and  half  cartilage.  The  osseous  tissue  occupies  the  centre,  the 
cartilaginous  tissue  the  surface  or  periphery. 

The  dorsalis  pedis  artery  crosses  in  front  of  the  bone. 

The  bone  is  most  conveniently  reached  on  the  inner  side 
between  the  tendons  of  the  tibialis  anticus  and  the  tibiahs 
posticus,  and  on  the  outer  side  between  the  tendons  of  the 
peroneus  tertius  and  pcroneus  brevis. 

Advantage  is  taken  of  these  two  spaces  in  the  operation 
which  follows  : — 

Operation. — The  patient  lies  upon  the  back,  and  the  foot 
is  so  jalaced  as  to  extend  beyond  the  end  of  the  table.  It 
must  be  held  by  an  assistant,  who  can  manipulate  it  as 
directed. 

Two  incisions,  external  and  internal,  are  made.  The  outer 
incision  is  about  two  and  a  half  inches  in  length,  runs  parallel 

with  and  just 
posterior  to  the 
tendon  of  the 
jseroneus  ter- 
tius, and  com- 
mences a  line 
or  so  above 
the  level  of  the 
articular  mar- 
gin of  the  tibia 
(Fig.  201,  A). 

A  second 
and  much 

Fig.  201. — A,  Excision  of  astragalus  (outer  incision)  ;  B,  Exci-      if,  f 
sion  of  ankle  (outer  incision)  ;  c,  Excision  of  os  calcis.  SllOrter  CUt 

starts  from  the 

centre  of  the  principal  incision,  is  placed  at  right  angles  to  it, 
and  ends  immediately  below  the  tip  of  the  outer  malleolus. 
The  two  slight  flaps  thus  defined  are  turned  aside,  and  the 
bone  exposed  in  the  interval  between  the  peroneus  tertius 
and  peroneus  brevis  tendons. 

The  foot  is  well  extended  and  inverted,  and  the  ligaments 
which  connect  the  bone  with  the  fibula,  tibia,  scaphoid,  and  os 
calcis,  are  divided  so  far  as  they  can  be  reached  from  the  outer 
side.    Retractors  are  used  to  protect  the  tendons,  etc. 

The  inner  incision  is  about  two  inches  in  length,  and,  start- 
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ing  from  just  below  the  tip  of  the  inner  malleohis,  is  carried 
forwards  and  upwards  just  in  front  of  the  anterior  margin  of 
that  bone.  It  will  be  curved  therefore,  with  the  concavity 
backwards  (Fig.  202,  a). 

The  remaining  ligaments  that  hold  the  astragalus  are  now 
divided  from  the  inner  side. 

The  surgeon  turns  finally  to  the  outer  wound,  and,  while 
the  foot  is  inverted  and  extended,  grasps  the  astragalus  with 
lion  forceps  in  a  vertical  direction,  and,  as  Farabeuf  expresses 
it,  "  whips  it  out  like  a  molar." 

The  wound  will  need  to  be  drained,  and  the  limb  to  be 
firmly  secured  upon  a  splint  or  in  plaster  of  Paris,  with  the 
foot  at  right  angles  to  the  leg. 

Excellent  results  have  followed.  A  useful  but  somewhat 
shortened  extremity  is  produced,  and  no  movement  will 
probably  be  restored  to  the  ankle-joint. 

Some  surgeons  carry  out  the  excision  of  the  bone  through 
a  single  external  wound. 

The  method  of  operating  through  a  transverse  dorsal 
incision  with  division — and  subsequent  suture — of  the  anterior 
tendons  has  little  to  recommend  it. 

2.  The  Os  Calcis. 

This  bone  has  been  removed  for  disease,  and  in  some  cases 
of  injury.  The  arrangement  of  the  synovial  membranes  in 
relation  with  the  bone  is  such  that  mischief  commencing  in 
the  OS  calcis  is  apt  to  be  limited  to  it. 

Anatomical  Points. — Three  synovial  membranes  are  con- 
nected with  the  surfaces  of  this  bone. 

From  the  upper  surface  of  the  os  calcis  arises  the  extensor 
brevis  digitorum,  and  from  the  plantar  surface  the  first  layer 
of  the  plantar  muscles. 

Many  strong  ligaments  are  attached  to  the  calcancum,  the 
most  noteworthy  being  the  interosseous,  the  inferior  calcaneo- 
scaphoid,  the  long  and  short  plantar,  and  the  prolongations  of 
the  lateral  ligaments  of  the  ankle-joint. 

The  principal  nucleus  of  the  os  calcis  appears  in  the  sixth 
month  of  fcjetal  life.  Before  the  age  of  ten  years  the  posterior 
part  of  the  bone  is  wholly  cartilaginous.  A  nucleus  appears 
at  that  date  in  this  cartilaginous  segment,  and  the  epiphysis 
so  formed  is  united  to  the  rest  of  the  bone  about  the  sixteenth 
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year.  The  bloodvessels  of  the  bone  enter  nuainly  from  the 
inner  side. 

Operation. — Among  the  many  methods  devised  for  the 
excision  of  this  bone,  the  procedure  described  by  Farabeuf 
appears  to  be  upon  the  whole  the  best.  The  incision  he  recom- 
mends is  a  combination  of  the  horse-shoe  incision  employed 
by  Erichsen,  and  the  simpler  skin-cut  made  use  of  by  Oilier. 

The  operation  should  be  performed  as  far  as  is  possible  by 
the  subperiosteal  method. 

The  patient  lies  upon  the  sound  side,  the  leg  is  supported 
upon  a  sand  pillow,  and  the  foot,  turned  well  upon  its  inner 
border,  is  free. 

The  incision,  commencing  at  the  base  of  the  lifth  meta- 
tarsal bone,  is  carried  horizontally  backwards  just  above  the 
margin  of  the  sole,  and,  passing  round  the  hinder  aspect  of  the 
heel,  ends  about  one  inch-  and  a  quarter  to  the  inner  side  of 
the  median  line  (Fig.  201,  c). 

This  cut  is  met  by  a  vertical  incision  two  inches  in  length, 
which  is  parallel  to  and  a  little  in  front  of  the  tendo  Achillis. 
The  wound  is  deepened,  and  two  small  flaps  are  formed.  Great 
care  must  be  taken  of  the  peronei  tendons,  to  which  the 
vertical  incision  is  posterior.  The  bone  is  exposed  behind  the 
peronei  tendons,  and  the  i^eriosteum  is  incised  vertically. 
AVith  a  rugine  the  periosteum  and  the  associated  ligaments 
are  separated  from  the  bone.  The  outer  surface  is  cleared 
first,  then  the  posterior  surface.  The  attachment  of  the  tendo 
Achillis  is  severed.  The  foot  being  placed  in  the  position  of 
talipes  varus,  the  posterior  aspect  is  bared  of  periosteum  as 
far  as  it  is  possible  to  reach.  The  anterior  portion  of  the  bone 
is  cleared,  and  the  ligaments  separated  with  the  periosteum. 
The  same  is  done  with  the  plantar  surface.  A  certain  part  of 
the  inner  surface  can  be  reached  from  the  posterior  aspect. 

With  care  and  patience  and  the  use  of  good  retractors  the 
greater  part  of  the  bone  can  be  bared  through  this  outer 
incision,  and  from  this  side  also  the  interosseous  ligament  can 
be  reached  and  divided. 

When  the  os  calcis  is  as  far  freed  as  possible,  the  head  or 
anterior  part  must  be  grasped  with  lion  forceps,  and  the  bone 
dragged  outwards  with  a  repeated  rotatory  movement,  the 
periosteum   and   ligaments   upon   the  inner  surfi\ce  being 
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separated  with  the  rugine  as  soon  as  each  part  of  the  as-yet- 
imtouched  district  is  reached. 

Comment. — This  operation  can  be  performed  upon  the 
cadaver  in  the  systematic  manner  just  described,  but  in 
practice  so  formal  a  procedure  can  seldom  be  carried  out. 

Sinuses  may  have  to  be  considered,  and  carious  and 
broken-down  bone  to  be  dealt  with.  A  not  inconsiderable 
part  of  the  bone,  in  cases  of  disease,  may  be  removed  with  the 
gouge  or  sharp  spoon,  and  such  parts  of  the  compact  tissue 
as  are  healthy  may  be  left  as  a  kind  of  thin  osseous  mould. 

The  operations  which  are  characterised  by  the  formation 
of  a  U-shaped  plantar  flap  are  to  be  condemned,  on  account 
of  the  unnecessary  damage  they  inflict  upon  the  tissues  of  the 
sole. 

In  an  operation  carried  out  by  Mr.  Holmes  ("  System  of 
Surgery,"  vol.  iii.,  page  771)  the  peronei  tendons  are  divided,  a 
step  which  has  little  to  recommend  it. 

The  foot  must  be  fixed  at  a  right  angle  with  the  leg,  and 
the  heel  allowed  to  be  free. 

An  anterior  weU-moulded  metal  splint  answers  the  pur- 
pose Avell.  After  the  splint  has  been  apphed,  the  limb  must 
be  suspended  in  a  suitable  apparatus. 

This  protects  the  foot  from  any  pressure,  and  alloAvs 
efficient  drainage  to  be  carried  out. 

The  results  obtained  from  this  operation  have  been  most 
satisfactory.  Accordmg  to  Vincent's  statistics,  64-7  per  cent, 
of  those  operated  on  have  recovered  with  useful  limb,  while 
only  5  per  cent,  have  died. 
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CHAPTER  XVII. 

Excision  of  the  Ankle. 

This  excision  is  of  but  limited  application,  and  is  compara- 
tively rarely  performed.  In  the  first  place,  the  modern 
improvements  in  the  methods  of  treating  wounds  are  such 
that  a  large  proportion  of  the  cases  of  disease  of  the  joint  yield 
to  simple  surgical  measures.  Those  who  advocate  the  excision 
of  the  joint  for  disease  urge  that  it  should  be  performed  early  ; 
but  probably  the  majority  of  surgeons  would  prefer  to  defer 
any  radical  measure  until  treatment  by  rest,  dramage,  and 
favourable  hygienic  conditions  had  been  tried. 

In  the  second  place,  amputation  of  the  foot  leads  to  very 
admirable  results,  and  the  excision  of  the  ankle  must  have  a 
very  happy  termination  if  it  can  yield  a  more  useful  ex- 
tremity than  that  left  after  a  successful  Syme's  amputation. 

In  not  a  few  cases  the  disease  has  extended  so  far  beyond 
the  actual  area  of  the  ankle-joint  that  the  operation  of 
excision  could  not  be  entertained. 

The  after-treatment  of  these  excision  cases  is  difficult  and 
anxious,  and  demands  infinite  and  long-continued  care.  This 
circumstance  in  itself  affords  a  substantial  objection  to  the 
operation. 

The  ankle  has  been  excised  in  many  cases  of  injury, 
notably  in  compound  dislocation  and  in  instances  of  complex 
fracture.  Here,  also,  the  position  of  this  class  of  case  has 
baen  very  materially  altered  by  the  modern  methods  of  wound 
treatment,  and  many  a  foot  which  twenty  years  ago  would 
have  been  amputated  or  treated  by  excision  is  now  saved. 

The  excision  of  the  ankle  to  remedy  deformity  resulting 
from  malunited  fracture — e.g.,  severe  Potts's  fracture — is  in 
the  present  day  usually  replaced  by  a  linear  or  cuneiform 
osteotomy. 

During  the  last  five  years  no  excision  of  the  ankle  has 
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been  performed  at  the  London  Hospital,  and  examples  of  the 
operation  have  mostly  to  be  sought  for  among  older  records. 

In  dealino-  with  excision  of  the  ankle  for  disease  Mr. 
Howard  Marsh  writes :  "  It  is  but  seldom  performed ;  and  when 
it  is  performed,  the  result  is  usually  unsatisfactory." 

The  first  excision  of  the  ankle  was  carried  out  by  Moreau 
in  1792.  The  patient  was  the  subject  of  caries,  and  an  ex- 
cellent result  followed. 

The  first  operation  of  this  kind  performed  in  England  was 
undertaken  in  1851  by  Mr.  Hancock. 

For  some  twenty  years  following  this  date  a  considerable 
number  of  excisions  of  the  ankle  were  performed. 

Anatomical  Points. — The  ankle-joint  forms  a  very  power- 
ful articulation,  its  strength  being  derived  not  only  from  the 
shape  of  its  component  bones,  but  also  from  the  unyielding 
ligaments  and  the  many  tendons  which  are  bound  about  it  like 
straps.  Of  the  ligaments,  the  two  lateral  are  very  strong,  and 
have  an  extensive  hold  upon  the  foot.  The  anterior  and 
posterior  are,  on  the  other  hand,  extremely  thin  and  insignifi- 
cant, although  the  latter  is  supported  by  the  tendon  of  the 
flexor  longus  pollicis,  which  crosses  it. 

The  loose  synovial  sac  of  the  ankle-jomt  extends,  both  in 
front  and  behind,  beyond  the  limits  of  the  articulation,  while 
at  the  sides  it  is  strictly  limited  to  the  joint  surfaces.  The 
ankle  is  a  perfect  hinge-joint,  and  permits  only  of  flexion  and 
extension. 

The  outlines  of  the  two  malleoli  can  be  distinctly  defined. 
The  external  is  somewhat  the  less  prominent,  descends  lower, 
and  lies  farther  back  than  the  internal  process. 

The  tip  of  the  outer  malleolus  is  about  half  an  inch  be- 
hind and  below  the  tip  of  the  corresponding  bony  prominence. 

The  head  of  the  astragalus  can  be  made  out  upon  the 
dorsum  of  the  foot  when  the  limb  is  fully  extended. 

About  one  inch  and  a  quarter  in  front  of  the  inner 
malleolus  the  tubercle  of  the  scaphoid  can  be  felt.  Just 
behind  it  is  the  astragalo-scaph old  joint. 

On  the  outer  side  of  the  foot  the  external  surface  of  the 
OS  calcis  is  subcutaneous  in  nearly  the  whole  of  its  extent. 
Less  than  an  inch  below  and  in  front  of  the  malleolus  is  the 
peroneal  tubercle,  with  the  short  peroneal  tendon  above  it, 
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and  the  long  one  below  it.  The  ankle-joint  lies  about  on  the 
level  of  a  point  half  an  inch  above  the  tip  of  the  inner 
malleolus. 

The  position  of  the  tendons  about  the  ankle-joint  must  be 
borne  in  mind,  as  also  the  situation  of  the  tibial  and  peroneal 
arteries. 

The  lower  epiphysis  of  the  tibia  includes  the  articular  sur- 
face and  the  internal  malleolus.  Ossification  coimiiences  in  it 
during  the  second  year,  and  the  epiphysis  joins  the  shaft  be- 
tween the  eighteenth  and  nineteenth  years.  The  lower  epi- 
physis of  the  fibula  includes  the  articular  surface  and  outer 
malleolus.  Ossification  commences  in  the  second  year,  and  is 
completed  about  the  twenty-first  year.  Both  epiphyseal  lines 
are  horizontal,  and  are  brought  in  contact  with  that  pouch 
of  synovial  membrane  Avhich  extends  upwards  between  the 
tibia  and  fibula. 

Operation. — The  various  methods  in  vogue  for  performing 
this  operation  are,  for  the  most  part,  modifications  of  the 
original  procedure  of  Moreau.  Indeed,  no  very  conspicuous 
deviations  from  the  initial  operation  have  been  proposed  or 
carried  out.  Of  the  modern  forms  of  Moreau's  operation,  that 
by  Langenbeck  would  appear  to  be  one  of  the  best.  It  may 
be  carried  out  as  follows,  if  the  subperiosteal  method  be 
attempted : — 

The  patient  lies  upon  the  back,  with  the  foot  and  leg  su])- 
ported  lipon  a  firm  sand  pillow.  Two  vertical  lateral  mcisions 
are  made. 

1.  The  Outer  Incision. — The  foot  being  turned  over  upon 
its  inner  side,  a  vertical  incision  some  three  inches  in  length  is 
made  along  the  anterior  part  of  the  fibula  to  a  point  a  little 
below  the  tip  of  the  malleolus.  Thence  it  is  made  to  curve 
around  the  malleolus,  and  ascend  for  about  one  inch  along  its 
posterior  border  (Fig.  201,  b). 

2.  The  Removal  of  the  Fibida.— The  fibula  is  exposed, 
and  its  periosteum  divided  in  the  long  axis  of  the  bone.  The 
membrane  is  then  separated  from  the  bone  by  the  rugine  in 
an  anterior  and  a  posterior  direction. 

The  ligaments  attached  to  the  malleolus  are  separated 
as  encountered.  The  external  lateral  ligament  is  divided 
vertic^illy,  so  that  its  anterior  segment  will  go  with  the 
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anterior  layer  of  separated  periosteum,  and  its  hinder  segment 
with  the  posterior  layer. 

With  the  curved  rugine  the  greater  part  of  the  circum- 
ference of  the  shaft  of  the  bone  can  be  bared  about  the 
saw-lme. 

The  fibula  is  then  divided  with  either  a  chisel  or  a  saw 
about  one  inch  above  its  extremity.  The  divided  end  is 
seized  with  lion  forceps,  or  is  drawn  outwards  with  a  hook, 
wliile  its  deeper  connections  are  separated  with  the  rugine, 
aided  by  the  knife. 

This  part  of  the  operation  is  very  tedious. 

The  lower  end  of  the  fibula  is  thus  removed. 

3.  The  Glearmg  of  the  Tibia. — As  much  of  the  anterior 
and  posterior  surfaces  of  the  tibia  as  can  be  reached  through 
the  outer  cut  are  bared  of  periosteum  by  means  of  the  rugine, 
the  anterior  and  posterior  ligaments  of  the  ankle  being- 
elevated  with 

the  periosteal 
layers.  In 
this  part  of 
the  operation, 
care  must  be 
taken  not  to 
open  the 
sheaths  of  the 
tendons. 

4.  The  In- 
ner Incision. 
— The  foot  is 
turned  upon 
its  outer  side, 
and  an  inci- 
sion about  three  inches  long  is  made  along  the  inner  surface 
of  the  tibia,  and  in  the  long  axis  of  the  bone.  The  cut  ends 
at  the  tip  of  the  inner  malleolus.  A  curved  or  transverse 
incisi^on  (Fig.  202,  b)  may  be  made  to  meet  the  lower  end 
of  this  wound  at  right  angles. 

5.  The  Removal  of  the  Tibia.— The  periosteum  of  the 
tibia  is  incised  vertically,  and  that  membrane  is  peeled  from 
the  bone  so  that  it  may  be  continuous  with  the  periosteo- 
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Fig.  202. — A,  Excision  of  astragalu.s  (inner  incision)  ;  B, 
sion  of  ankle  (inner  incision). 
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capsular  layers  already  separated  upon  the  outer  side.  The 
internal  lateral  ligament  is  divided  vertically  in  the  manner 
already  described  with  regard  to  the  outer  ligament. 

As  soon  as  the  tibia  is  sufficiently  free,  the  malleolar  end  of 
it  is  made  to  project  a  little  through  the  Avound,  and  while 
the  soft  parts  are  well  protected  with  retractors,  the  bone  is 
divided  horizontally  with  a  key-hole  saw.  The  fragment  is 
grasped  with  lion  forceps  and  removed. 

6.  The  Sawing  of  the  Astragalus. — The  surgeon  finally 
turns  once  more  to  the  outer  incision,  and  through  that 
wound  removes  with  the  saw  as  much  of  the  upper  part  of 
the  astragalus  as  is  necessary.  The  section  should  be  hori- 
zontal. If  thougiit  necessary,  the  whole  of  the  astragalus 
may  be  removed  through  the  external  incision. 

Comment. — The  operation  just  described  follows  the 
subperiosteal  method,  and  in  all  suitable  cases  that  form  of 
excision  should  be  observed  so  far  as  is  possible. 

The  ankle  is  peculiarly  well  adapted  for  the  employ- 
ment of  the  subperiosteal  method,  and  the  excellence  of  the 
results  obtained  in  some  reported  cases  has  been  ascribed 
to  the  sparing  of  the  periosteum  and  the  ligaments.  Sir 
Wm.  MacCormac  observes  that  "  no  form  of  subperiosteal 
excision  can  be  performed  more  thoroughly  than  that  at 
the  ankle." 

The  lateral  incisions  may  vafy  considerably  from  those 
described  in  the  text. 

The  outer  incision  may  follow  the  posterior  border  of  the 
fibula,  and  be  made  to  bend  suddenly  forwards  beneath  the 
malleolus,  when  the  tip  of  that  process  is  reached.  This  was 
the  outer  incision  of  Moreau.  Or  a  vertical  cut  so  placed 
may  be  met  by  a  transverse  line,  which  extends  as  far 
forwards  as  the  tendon  of  the  peroneus  tertius. 

The  inner  incision  has  been  made  to  form  a  U-shaped  flap 
corresponding  in  width  to  the  shaft  of  the  tibia,  or  has  assumed 
something  of  the  outline  of  an  anchor,  a  vertical  cut  being 
joined  by  a  transverse  incision  at  its  upper  end  and  a  curved 
one  at  its  lower. 

The  operation  by  means  of  a  transverse  incision  across 
the  front  of  the  ankle-joint  may  be  absolutely  condemned.  It 
is  not  adapted  for  the  subperiosteal  method,  many  tendons 
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must  be  cut,  synovial  sheaths  are  opened  up,  and  the  anterior 
tibial  artery  may  need  to  be  secured. 

The  removal  of  the  entire  astragalus  is  insisted  upon  by 
man}^  who  advocate  the  operation  m  cases  of  bone  disease. 

Farabeuf  saws  through  the  tibia  and  fibula  together,  using 
a  key-hole  saw,  and  protecting  the  soft  parts  with  retractors. 

Some  operators  take  no  trouble  to  save  the  peronei 
tendons  from  division. 

Most  essential  is  it  that  every  care  should  be  taken  of  the 
sheaths  of  the  tendons. 

Some  surgeons,  after  the  removal  of  the  fibula,  saw  off  the 
upper  part  of  the  astragalus,  then  make  the  inner  incision, 
and  finally  remove  the  tibial  segment. 

After-treatment. — The  after-treatment  is  a  matter  of 
extreme  importance,  and  may  have  a  greater  mfluence  upon 
the  success  of  the  measure  than  the  actual  operation  itself. 
The  foot  and  leg  must  be  fixed  in  a  suitable  spHnt,  the  line 
of  the  new  joint  being  rectangular.  A  plaster-of- Paris  dress- 
ing, with  windows  to  permit  of  drainage  and  the  inspection 
of  the  wound,  is  recommended  by  many ;  or  in  the  place  of 
it  a  special  splint  of  light  wire  may  be  employed.  It  is 
desirable  that  the  limb,  when  fixed  in  the  apparatus  selected, 
should  be  suspended  from  a  suitable  cradle.  The  gap  left 
by  the  removal  of  the  bones  shoidd  be  maintamed  by 
extension. 

Great  care  must  be  taken  to  keep  the  foot  in  a  straight  line 
Avith  the  leg,  as  a  lateral  deviation  of  the  limb  is  very  easily 
produced  if  this  point  be  not  strictly  attended  to.  "  If 
motion  be  sought  for,  passive  movements  ought  to  be  com- 
menced very  early  ;  but  sound  anchylosis  is  the  most  common 
and  most  desirable  result. 

"It  is  afterwards  necessary  to  wear  an  instrument  with 
lateral  cross  supports  for  a  considerable  time,  in  order  to 
prevent  any  giving  way  of  the  new  joint.  A  support  behind, 
in  the  form  of  an  artificial  gastrocnemius,  is  often  useful ;  this 
is  effected  by  means  of  a  rubber  cord  attached  to  the  heel 
of  the  shoe  and  to  a  strap  at  the  knee.  The  os  calcis 
is  prevented  from  slipping  forwards  by  this  means" 
(MacCormac). 

Results. — The  older  statistics  (as  represented  by  those 
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collected  by  Culbcrtson)  give  a  mortality  of  8-5  per  cent,  in 
cases  of  disease,  12-5  per  cent,  in  cases  of  injury,  and  207 
per  cent,  in  cases  of  gunshot  Avound. 

This  mortality  has  been  substantially  reduced  by  improved 
methods  of  treating  the  wound,  and  in  any  case  is  considerably 
below  that  which  follows  amputation  through  the  loAver  part 
of  the  log. 

Firm  anchylosis  is  the  usual  result  obtained  ;  and  when 
this  has  followed,  most  useful  limbs  have  resulted. 

The  condition  of  flail-joint  is  unknown. 

Langenbcck  states  that  in  75  per  cent,  of  the  cases  with 
which  he  has  himself  dealt,  the  patients  recovered  with  a 
useful  limb.  ^ 

The  shortening  that  results  is  usually  slight,  not  more 
than  one  inch,  and  is  compensated  for  by  a  thick  sole  to  the 
boot  worn. 

Farabeuf  recommends  that  if  much  shortening  be  antici- 
pated, the  bones  should  be  so  sawn,  and  the  limb  so  adjusted 
after  the  operation,  that  a  slight  degree  of  talipes  equinus  is 
brought  about. 

In  many  instances  the  patient  has  recovered  with  a  new 
joint,  in  which  a  remarkable  degree  of  movement  was  present. 

If  the  subperiosteal  method  can  be  carried  out,  the  re- 
production of  new  bone  is  often  singularly  complete.  It  may 
be  excessive,  but  even  when  imperfect,  the  amount  of  new 
tissue  produced  is  sufficient  to  assist  considerably  in  the 
establishment  of  a  useful  limb. 

When  anchylosis  follows,  much  compensatory  movement 
is  generally  developed  in  the  medio-tarsal  joint. 

EXCISION  OF  THE  TIBIA  AND  FIBULA. 

The  whole  or  some  part  of  the  diaphysis  of  the  tibia 
has  been  removed  in  cases  of  diffused  suppurative  periostitis, 
especially  in  young  subjects. 

If  the  periosteum  be  fairly  whole,  and  the  subperiosteal 
method  be  strictly  carried  out,  the  reproduction  of  new  bone 
is  usually  sufficient  to  leave  the  patient  with  a  useful  limb. 

The  ends  of  the  tibia  and  fibula  were  saAvn  off  in  a  case  of 
compound  dislocation  of  the  ankle  some  years  before  the 
operation  of  excision  of  the  ankle  was  carried  out. 
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The  incision,  in  dealing  with  the  tibia,  should  be  vortical, 
and  be  parallel  to,  and  just  in  front  of,  the  internal  border  of 
the  bone.  When  the  part  to  be  removed  has  been  bared,  the 
bone  may  be  severed  with  a  chain-saw  or  a  chisel. 

In  cases  in  which  the  tibia  is  sound,  removal  of  very 
considerable  portions  of  the  fibula  may  be  undertaken  without 
any  marked  deformity  of  the  limb  resulting.  It  is  well  that 
the  upper  and  lower  ends  should  be  preserved  whenever 
possible. 

In  removing  the  head  of  the  fibula,  it  is  possible  to  effect 
an  opening  into  the  knee-joint,  or  to  do  damage  to  the  anterior 
tibial  and  musculo-cutaneous  nerves. 

If  the  malleolus  be  excised,  the  foot  is  apt  to  become 
everted. 

In  dealing  with  the  upper  half  of  the  fibula  the  incision 
should  be  carried  along  the  posterior  part  of  the  bone  so  as 
to  fall  behind  the  peroneal  muscles. 

In  dealing  with  the  lower  half  it  may  follow  a  continuation 
of  the  long  axis  of  the  outer  malleolus,  and  be  placed  there- 
fore in  front  of  the  muscles. 
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Excision  of  the  Knee. 

Tins  extensive  and  serious  operation  has  been  performed 
for  numerous  conditions,  but  is  now  mainly  limited  to  the 
treatment  of  certain  forms  of  chronic  joint  disease. 

In  acute  disease  it  has  been  comparatively  unsuccessful, 
and  in  the  present  position  of  surgery  may  be  regarded  as 
almost  unjustifiable. 

It  is  but  very  rarely  demanded  in  examples  of  complicated 
and  compound  fracture  and  dislocation. 

The  results  that  have  attended  the  operation  when 
performed  for  gunshot  injuries  have  been  such  that  the 
measure  is  considered  by  most  surgeons  to  be  contra-mdicated 
in  these  cases. 

As  a  means  of  treating  anchylosis  in  a  deformed  position, 
excision  has  been  almost  entirely  replaced  by  osteotomy. 

The  value  of  the  operation  has  been  the  subject  of  long- 
continued,  elaborate,  and  voluminous  discussion,  and  the 
position  of  the  procedure  has  been  substantially  modified  by 
improved  methods  of  treating  joint  affections,  by  improved 
means  of  dealing  with  wounds,  and  by  the  introduction  of  the 
operation  Imown  as  arthrectomy. 

Excision  of  the  Imee  was  first  deliberately  performed  by 
Park  in  1781.  The  patient  was  the  subject  of  chronic  dis- 
ease of  the  joint,  and  an  excellent  result  followed.  A  less 
definite  operation  had  been  previously  carried  out  by  Felkin, 
of  Norwich,  in  1762. 

For  many  years  subsequent  to  that  date  excision  of  the 
knee  was  but  very  rarely  performed,  and  the  operation  was 
regarded  most  unfavourably.  The  measure  was,  however, 
revived  by  Fergusson  in  1850,  and  during  the  twenty  or 
thirty  years  after  this  time  the  operation  was  taken  up 
by  English,  French,  German,  and  American  surgeons,  with 
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a  remarkable  enthusiasm,  and  tlie  recorded  cases  published 
during  the  period  named  may  be  counted  by  hundreds.  Of 
late  years  a  reaction  has  taken  place,  and  excision  of  the  knee 
has  now  a  place  among  operations  which  are  but  rarely  per- 
formed, or  which  are  extensively  practised  but  by  very  few. 

At  the  present  time  excision  of  the  knee  is  but  rarely 
carried  out  in  private  practice,  and  in  hospital  wards  the  pro- 
cedure would  appear  to  be  becoming  rarer  and  rarer. 

The  result  aimed  at  is  the  production  of  a  rigid  anchylosis 
in  the  extended  position,  and  the  attempts  to  obtain  a  mobile 
joint  have  met  with  very  few  successes  and  a  very  numerous 
list  of  lamentable  failures. 

The  subperiosteal  method  can  hardly  be  carried  out  in 
this  articulation,  and  may  be  considered  as  mapplicable. 

The  after-treatment  is,  on  the  whole,  of  more  importance 
than  the  operation  itself.  Displacement  of  the  bones — and 
notably  a  gliding  of  the  femur  forwards — is  very  apt  to  occur. 

In  young  subjects  gi'eat  care  must  be  taken  not  to  en- 
croach upon  the  lower  epiphysis  of  the  ft3mur,  which  is  the 
most  important  epiphysis  of  the  lower  extremity. 

An  admirable  criticism  of  the  operation  is  provided  by 
Mr.  Howard  ]\Iarsh  in  his  manual  on  "  Diseases  of  the  Joints." 

Anatomical  Points. — This  articulation  is  the  largest  in 
the  body,  and  owes  its  great  strength  to  the  powerful  ligaments 
which  unite  the  two  component  bones,  and  to  the  muscles 
and  fascine  that  surround  it.  It  derives  no  strength  from 
the  shape  of  the  articular  surfaces,  since  they  are  merely 
placed  in  contact  with  one  another. 

The  axis  of  the  limb  is  abruptly  altered  at  the  knee-joint, 
the  femur  inclining  iuAvards  from  the  pelvis,  and  the  tibia 
being  vertical. 

The  lateral  ligaments  of  the  joint  are  comparatively  feeble, 
the  posterior  ligament  is  substantial,  and  the  anterior  part  of 
the  capsule  is  formed  of  a  firm  aponeurotic  expansion.  The 
most  powerful  and  most  important  ligaments  of  the  joint  are 
the  crucial. 

The  synovial  membrane  of  the  Imee-joint  extends  upwards 
as  a  large  cul-de-sac  above  the  patella  and  beneath  the 
extensor  tendon  (Fig.  203).  This  cul-de-sac  reaches  a  point  an 
inch  or  more  above  the  upper  margin  of  the  trochlear  surface 
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of  the  femur,  and  is  rendered  very  distinct  when  the  joint  is 
distended  with  fluid  (Fig.  203). 

Above  the  synovial  pouch  is  a  bursa  which  separates  the 

quadriceps  tendon  from 
the  feinur  and  is  usually 
over  an  inch  in  its  verti- 
cal measureinent. 

This  bursa  communi- 
cates with  the  synovial 
cavity  in  about  eight 
cases  out  of  ten. 

The  upper  third  of 
the  patellar  ligament  is 
in  relation  with  the 
synovial  membrane,  from 
which,  however,  it  is 
separated  by  a  pad  of 
fat ;  the  loAver  two-thirds 
of  the  ligament  are  in 
relation  with  the  bursa 
between  the  ligament  and 
the  tubercle  of  the  tibia. 

A  knife  passed  hori- 
zontally backwards  at 
the  apex  of  the  patella 
would,  when  the  healthy 
limb  is  extended,  just 
miss  the  joint-line  be- 
tween  the   femur  and 
tibia,  and  would  hit  the  latter  bone.    If,  however,  there  be 
any  effusion  in  the  joint,  or  the  limb  be  a  little  flexed,  a  Imife 
so  introduced  would  pass  between  the  two  bones  (Fig.  203). 

The  irregularity  of  the  synovial  cavity  lends  itself  to  the 
collection  of  masses  of  diseased  tissue  within  the  joint. 

In  the  popliteal  space  the  large  bursa  which  is  interposed 
between  the  internal  condyle  of  the  femur,  the  inner  head  of 
the  gastrocnemius,  and  the  semi-membranosus,  usually  com- 
municates with  the  knee-joint. 

The  bursa  beneath  the  j)opliteus  tendon  usually  opens 
into  the  superior  tibio-fibular  joint  on  the  one  hand,  and 


Pig.    203. — VEETICAL    SECTION    OP  KNEE-JOINT 
DISTENDED  WITH  FLUID.  {Jhriimc.) 

a,  Vastus  externus  ;  6,  Ciureus  ;  c,  Short  head, 
and  d,  Long  head  of  biceps  ;  e,  Plantaris  ;  /, 
(Gastrocnemius;  (/,  Popliteus ;  /(,  Soleus ;  i, 
Tibialis  posticus  ;  j,  Bursa  patellre ;  k,  Liga- 
nientum  patellaj ;  I,  Ligamentum  mucosum  ;  m, 
Anterior  crucial  ligament ;  n.  External  semi- 
lunar cartilage  ;  1,  External  popliteal  nerve  ; 
2,  Popliteal  artery. 
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always  leads  into  the  knee-joint  on  the  other.  It  serves 
therefore  to  establish  a  conununication  between  these  two 
articulations. 

The  upper  limit  of  the  femoral  epiphysis  will  be  represented 
by  a  horizontal  line  drawn  across  the  bone  at  the  level  of  the 
tubercle  for  the  adductor  magnus. 
If  the  whole  of  the  trochlear  sur- 
face be  removed  in  the  excision, 
the  whole  of  tiae  epiphysis  will 
have  been  taken  away  (Fig.  204). 
A  single  nucleus  appears  in  this 
epiphysis  shortly  before  birth, 
and  joins  the  shaft  about  the 
twentieth  year.  The  epiphyseal 
line  is  intracapsular. 

The  hmits  of  the  tibial  epi- 
physis are  represented  behind 
and  at  the  sides  by  a  horizontal 
line  that  just  marks  off  the 
tuberosities.  It  includes,  there- 
fore, the  depression  for  the  inser- 
tion of  the  semi-membranosus, 
and  also  the  facet  for  the  fibula. 

In  front  the  epiphyseal  line 
slopes  downwards  on  either  side 
to  a  point  on  the  upper  end  of 
the  shin,  so  as  to  enclose  the 
whole  of  the  tubercle  of  the  tibia. 

The  centre  joins  the  main 
bone  at  the  twenty-first  or 
twenty-second  year.  The  epi- 
physeal line  is  extra-articular. 
Farabeuf  estimates  that  in  a  child  of  about  eight  years  of  age 
it  is  impossible  to  remove  more  than  1  cm.  of  the  tibia,  or  1| 
cm.  (yV  of  inch)  of  the  femur,  without  approaching  danger- 
ously to  the  epiphyseal  lines. 

After  puberty  (e.g.,  in  a  youth  of  seventeen  years)  it  is 
possible  to  remove  1|  cm.  of  the  tibia,  and  2|  cm.  (1  inch)  of 
the  femur,  without  compromising  the  epiphyseal  lines. 

The  pojjliteal  artery  is  so  placed  that  it  is  in  greater  risk 


Fig.  204.  —EPIPHYSES  OF  THE  FEMUIt, 
TIBIA,  AND  FIBULA, 
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of  being  wounded  when  the  tibia  is  sawn  than  when  the  lower 
part  of  the  femur  is  being  removed. 

1.  Operation  by  a  Curved  Transverse  Anterior  Incision. 

Of  the  many  methods  that  have  been  described  and 
adopted,  this  appears  to  have  substantial  claims  to  be  regarded 
as  the  most  suitable. 

The  particular  incision  employed  is  accredited  to  Textor, 
and  a  very  similar  incision  was  used  by  Sanson  and  Begm. 

Position. — The  patient  lies  upon  the  back,,  with  the  limb 
close  to  the  margin  of  the  table.  The  lower  part  of  the  leg 
should  project  a  little  beyond  the  table,  so  that  when  the 

knee  is  bent  at  a  right  angle  the  foot 
may  be  able  to  rest,  fiat  upon  the 
sole,  upon  the  end  of  the  table. 

The  surgeon  stands  upon  the  side 
to  be  operated  on. 

Some  surgeons  prefer  to  stand 
upon  the  left  side  of  the  limb  in  the 
case  of  either  extremity,  a  position 
which  is  certainly  more  convenient 
for  sawing. 

One  assistant  places  himself  oppo- 
site to  the  surgeon,  and  steadies  the 
limb  by  the  thigh.  Another  assistant 
near  the  foot  of  the  table  holds  the 
leg,  and  manipulates  it  as  required. 
A  third  assistant  by  the  surgeon's 
side  attends  to  the  sponging,  etc. 

At  the  commencement  of  the 
operation  the  limb  is  held  with  the 
knee  a  little  flexed.    Later,  the  joint 


Fig. 


205. — EXCISION  or  the 

KNEE. 

A,  Transverse  curved  incision  ; 
B,  Park's  incision. 


is  bent  at  a  right  angle. 


1.  The  SJdn  Incision. — A  curved 
incision,  convex  downwards,  is  made  across  the  front  of  the 
knee  below  the  patella. 

The  incision  commences  and  terminates  at  the  posterior 
margin  of  one  of  the  femoral  condyles,  while  its  lowest  point 
in  front  corresponds  with  the  insertion  of  the  patellar  ligament 
(Fig.  205,  A). 

During  the  making  of  this  wound  the  Imee-joint  is  held 
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a  little  flexed,  and  the  skin  and  subcutaneous  tissues  are 
alone  divided  at  the  first  sweep  of  the  knife. 

2.  The  Dividing  of  the  Ligaments. — The  knee  is  now 
flexed  a  little  more,  and  with  another  sweep  of  the  knife 


Fig.  206. — EXCISION  OF  the  knee  :  the  sawing  or  the  lowed,  end  of  the 

FEMUE.    {After  Farabcvf.) 

The  soft  parts  are  retracted  by  a  band  of  india-rubber  or  a  loop  of  thin  metal. 


the  anterior  part  of  the  capsule  and  the  patellar  ligament  are 
cut  through,  and  the  joint  opened  beloAv  the  knee-cap. 

The  patella,  with  its  attached  aponeurosis,  is  turned  up- 
wards, the  joint  is  still  more  flexed,  and  the  surgeon  proceeds 
to  divide  in  order  the  lateral  and  the  two  crucial  ligaments. 

3.  The  Sawing  of  the  Femur. — The  joint  is  now  bent  at 
a  right  angle,  and  the  limb  held  firmly  in  that  position,  Avith 
the  sole  of  the  foot  planted  upon  the  table. 

The  femur  is  cleared  with  the  knife  at  the  future  saAV-line. 

The  bone  is  sawn  from  before  backwards,  and  with  regard 
to  the  plane  of  the  section  these  two  points  must  be  observed  : — 

The  plane  of  the  saw-cut  in  the  antero-posterior  direction 
nuTst  be  at  right  angles  to  the  long  axis  of  the  shaft  of  the 
femur,  and  in  the  transverse  direction  it  nmst  be  parallel  to 
the  plane  of  the  free  surface  of  the  condyles. 
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During  the  sawing  process  the  condyles  may  be  grasped 
and  steadied  with  hon  forceps,  although,  if  the  hnib  be  firmly 
held,  this  is  not  necessar}'-.  The  femur  rests  upon  the  tibia. 
The  tissues  of  the  ham  must  be  protected  by  means  of  an 
ivory  spatula  held  behind  the  femoral  condyles,  or  by  a  broad 
elastic  or  thin  metal  band,  as  shown  in  Fig.  206. 

4.  The  Sawing  of  the  Tibia. — The  upper  end  of  the  tibia 
is  now  held  forwards,  the  foot  is  still  pressed  firmly  against  the 
table,  the  shaft  of  the  bone  is  maintained  in  the  vertical 
position,  and  in  consequence  the  articular  surface  will  be 
quite  horizontal.  The  bone  is  cleared  with  the  knife  for  the 
passage  of  the  saw,  and  a  thin  slice  is  removed  by  sawing 
from  before  backwards,  the  saw  being  kept  precisely  parallel  to 
the  articular  surface,  and  therefore  at  right  angles  to  the 
shaft  (Fig.  207).  The  popliteal  tissues  must  be  protected  in  the 
manner  already  described ;  and  if  the  movements  of  the  saw 
be  slow  and  deliberate,  there  is  no  danger  of  wounding  the 
structures  of  the  ham. 

The  two  bony  surfaces  should  now  be  parallel,  and  should 
fit  accurately  when  brought  together.. 

5.  The  Treatment  of  tlie  Patella  and  Synovial  Mem- 
brane.— The  most  tedious  part  of  the  operation  remains. 
The  patella  must  be  dealt  with  according  to  the  practice  of 
the  individual  surgeon.  It  may  be  removed,  whether  healthy 
or  diseased,  by  dissecting  it  out,  with  the  least  possible 
disturbance  of  the  surrounding  tissues ;  or  if  entirely  sound, 
it  may  be  left.  Or  it  may  be  steadied  in  a  vertical  position 
while  its  articular  segment  is  removed  with  the  saw  m  the  form 
of  a  thin  layer ;  or  its  tissue  may  be  so  scraped  and  cut  away 
that  nothing  remains  but  the  anterior  layer  of  compact  bone. 

"With  the  knife  and  scissors,  aided  by  the  sharp  spoon,  the 
surgeon  now  proceeds  to  remove  all  the  diseased  sjoiovial 
membrane  which  may  remain.  The  pouch  beneath  the 
quadriceps  tendon  is  opened  up,  and  is  carefully  cleared  out 
by  means  of  the  sharp  spoon. 

Any  existing  sinuses  are  opened  up  rfnd  scraped,  and  by 
one  means  or  another  a  careful  and  determined  attempt  is 
made  to  rid  the  operation  area  of  every  trace  of  diseased 
tissue.  The  part  is  now  well  washed  with  a  carbolic  solu- 
tion— 1  in  40 — and  carefully  dried. 
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Nothing  remains  but  to  close  the  wound  with  sutures — 
sillvworm  gut  being  the  best  for  the  purpose — and  to  adjust 
the  limb  upon  the  splint  which  has  been  prepared  for  it. 

The  question  of  unitmg  the  bony  surfaces  by  means  of 
wires  or  ivory  pegs  is  considered  afterwards  (page  689). 

A  drainage-tube  is  introduced  into  the  posterior  angle  of 
the  wound  on  either  side ;  or  a  single  tube  may  be  passed 
behind    the    bones,   and  be 
made  to  traverse  the  depths 
of  the  wound  from  one  side  to 
the  other. 

The  sutures  should  not  be 
introduced  until  after  the 
limb  has  been  fixed  upon  the 
splint,  so  that  up  to  the  last 
moment  the  surgeon  may  be 
able  to  satisfy  himself  that 
the  bones  are  in  proper  posi- 
tion. 

The  drainage  -  tubes  will 
be  inserted  before  the  limb  is 
adjusted  to  the  apparatus. 

No  blood-A'essels  of  any 
importance  are  divided.  The 
arteries  actually  severed  will 

be  branches  of  the  articular  arteries,  of  the  anastomotica 
magna,  and  of  the  anterior  tibial  recurrent.  Continued  press- 
ure with  a  dry  sponge  will  be  sufficient  to  check  such  bleed- 
ing as  is  usually  met  with. 

Commeiit. — Neither  a  tourniquet  nor  Esmarch's  elastic 
band  is  required  in  this  operation. 

The  knife  used  should  be  roimded  at  the  point. 

In  the  majority  of  instances  it  is  possible  to  leave  the 
posterior  ligament  undisturbed,  in  which  case  a  substantial 
banier  remains  that  will  prevent  the  spread  of  suppuration 
into  the  popliteal  space  should  pus  be  produced. 

In  any  case,  care  should  be  taken  to  spare  this  ligament, 
and  to  separate  its  attachments  from  the  bones  rather  than 
to  cut  it. 

With  regard  to  the  patella,  no  great  good  can  result  from 


Fifi 


207. — EXCISION  OF  THE  KNEE  :  THE 
SAWING  OF  THE  TIBIA. 


688 


OPERATIVE  SURGERY. 


its  retention.  If  partly  diseased,  and  the  morbid  parts  be 
removed,  there  is  still  a  fear  of  the  mischief  reappearing  and 
extending.  If  apparently  sound  at  the  time  of  the  operation, 
it  may,  if  left,  become  attacked  by  destructive  inflammation 
during  the  healing  process. 

The  retention  of  the  bone  and  of  the  patellar  ligament  does 
not  assist  in  retaining  the  femur  and  tibia  in  position,  inas- 
much as  the  ligament  becomes  loose  and  relaxed  when  the 
limb  is  adjusted  upon  the  splint. 

Since  firm  anchylosis  is  aimed  at  after  the  operation,  the 
quadriceps  muscle  is  of  little  value,  and  it  has  not  been 
shown  that  the  retention  of  the  patella  has  increased  the 
usefulness  of  the  limb. 

It  is  better,  therefore,  to  remove  the  bone  in  any  case,  and 
in  effecting  its  excision  it  should  be  carefully  dissected  out, 
and  all  the  fibrous  tissue  around  it  be  preserved,  provided 
such  tissue  be  free  from  disease. 

The  internal  limit  of  the  incision  should  not  be  carried 
backwards  beyond  the  point  indicated,  in  case  the  internal 
saphenous  vein  and  nerve  be  wounded. 

The  utmost  care  must  be  taken  to  respect  the  epiphysis 
in  young  subjects.  If  damaged,  it  will  lead  to  a  shortened, 
deformed,  and  possibly  useless  limb. 

The  femur  and  tibia  should  be  sawn  from  before  back- 
wards. The  best  instrument  is  a  wide-bladed  thin  saw  with 
a  movable  back.  In  the  hands  of  some  surgeons  a  Butcher's 
saw  appears  to  be  more  convenient.  There  is  no  real  danger 
of  wounding  the  popliteal  vessels  in  sawing  the  tibia  if 
reasonable  care  be  exercised,  and  there  is  consequently  no 
need  to  adopt  the  somewhat  difficult  manoeuvre  of  sawing 
that  bone  from  behind  forwards. 

The  precise  manner  in  which  the  femur  is  saA\ai  is  of 
primary  importance.  If  the  section  be  not  made  as  directed, 
the  bones  may  not  come  well  together,  a  subsequent  dis- 
placement would  be  encouraged,  while  the  best  conditions 
are  not  provided  for  securing  firm  anchylosis.  On  the  other 
hand,  the  limb  may  assume  the  deformed  position  of  either 
knock -knee  or  bow-knee. 

In  adjusting  the  bones  the  two  surfaces  should  be  made 
to  come  accurately  and  evenly  together,  and  in  bringing  them 
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into  position  care  must  be  taken  not  to  pinch  the  relaxed 
posterior  Hgament  between  the  hinder  margins  of  the  freshly- 
cut  femur  and  tibia. 

The  limb  should  be  so  disposed  as  to  be  absolutely  straight, 
and  the  position  of  slight  flexion  advised  by  some  is  distinctly 
to  be  condemned. 

In  the  final  scrapin^g'  away  of  the  diseased  soft  parts 
especial  care  must  be  taken  to  fully  expose  and  evacuate  the 
supra-patellar  sjmovial  pouch. 

With  regard  to  the  fixing  of  the  bones  with  metallic 
sutures  or  pegs,  it  must  be  observed  that  such  a  measure 
effects  its  object  but  feebly,  that  primary  healing  is  apt  to 
be  hindered,  that  the  subsequent  removal  of  the  wires  or  pegs 
may  be  difficult,  and  that  the  presence  of  these  foreign  bodies 
may  excite  some  carious  mischief  in  the  bones. 

If  a  really  suitable,  strong,  and  well-adjusted  apparatus 
be  used  to  fix  the  limb,  the  employment  of  the  means  just 
named  becomes  quite  unnecessary. 

The  introduction  of  the  use  of  metallic  sutures  in  this 
operation  is  ascribed  to  Dr.  Buck,  of  New  York. 

The  use  of  pegs  is,  however,  advised  by  some  eminent 
and  practical  surgeons,  and  notably  by  Mr.  Howard  Marsh. 
He  comments  upon  this  measure  in  the  following  words 
("  Diseases  of  Joints,"  page  330) : — 

"  A  method  which  greatly  assists  in  keeping  the  fragments 
in  apposition,  and  therefore  still  further  enables  the  surgeon 
to  dispense  with  circular  constriction  of  the  thigh,  is  that  of 
pegging  the  bones  together,  introduced  by  Mr.  Baker,  of  St. 
Bartholomew's  Hospital.  Mr.  Baker  employs  two  steel  pins 
about  the  size  of  knitting-needles.  These  are  passed,  one  on 
the  inner  and  the  other  on  the  outer  side  of  the  limb,  through 
the  skm  into  the  tibia,  and  on  for  about  an  inch  and  a  half 
into  the  femur.  They  are  removed  (an  easy  matter,  as  their 
ends  are  left  projecting)  on  the  tenth  to  the  twelfth  day.  Mr. 
Willett  prefers  bone  pegs,  which  are  cut  off"  short  and  allowed 
to  remain.  I  have  used  these  bone  pegs  in  six  cases.  They 
certainly  fix  the  ends  of  the  bones  in  a  very  satisfactory 
manner.  I  have  allowed  the  ends  to  project,  and  have  left 
them  in  place  for  a  month,  till  all  chance  of  movement 
between  the  bones  has  passed  by. 
s  8 
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"  In  some  instcances  I  have  found  the  pegs  by  this  time 
so  firmly  held  that  I  could  not  withdraw  them,  and  I  have, 
therefore,  cut  them  short  and  left  them ;  others  have  been 
loose,  and  have  been  easily  removed." 

With  regard  to  the  general  circumstances  of  the  operation, 
Mr.  Jacobson  ("  The  Operations  of  Surgery,"  page  1013)  writes  : 
"  Before  and  throughout  an  excision  of  the  knee,  the  operator 
should  bear  in  mind  the  following  points : — (1)  To  remove 
every  atom  of  the  disease ;  (2)  to  secure  good  drainage ;  (3) 
to  leave  the  bones  in  good  position;  (4)  to  ensure  absolute 
immobility  afterwards ;  (5)  to  watch  for  and  at  once  attack 
any  relapse.  .  .  .  Before  the  time  of  the  excision,  any 
flexion  of  the  knee  should  be  corrected,  as  far  as  possible, 
by  careful  weight  extension.  A  knee  should  never  be  excised 
while  flexed.  Such  a  step  will  not  only  be  liable  to  lead  to  re- 
moving bone  needlessly  in  order  to  straighten  it,  but  stretch- 
ing the  contracted  deep  fascia  and  nerves  may  lead  to  tetanus. 
The  risk  of  gangrene  has  also  been  already  mentioned." 

2.  Other  Methods  of  Excising  the  Knee. 

The  many  operations,  with  which  the  names  of  as  many 
surgeons  are  associated,  differ  but  little  from  one  another 
except  in  the  matter  of  the  skin  incision. 

A.  Park  employed  a  species  of  crucial  incision  (Fig.  205,  b), 
which  has  met  with  few  imitators. 

B.  An  anterior  U-shaped  flap  was  introduced  by  Mac- 
kenzie, and  has  been  extensively  adopted  by  English  and  other 
surgeons.  The  smaller  of  the  so-called  flaps  is  but  a  slight 
modification  of  the  transverse  curved  incision  above  described. 
The  larger  form  of  flap  had  its  base  on  a  level  with  the  uj)per 
limits  of  the  femoral  condyles,  and  its  apex  or  free  end 
opposite  the  tubercle  of  the  tibia  (Fig.  208,  a). 

This  flap  is  unnecessarily  large,  and  involves  a  yeiy  ex- 
tensive wound. 

c.  Moreau  employed  an  H -shaped  incision,  which  Avas 
accepted  by  many  of  the  earlier  operators  with  certain  more 
or  less  insignificant  modifications. 

One  form  of  incision  employed  by  Oilier  reverts  to  this 
early  method  of  dividing  the  skin  (Fig.  208,  b).  Oilier  attempts 
to  carry  out  the  excision  as  far  as  possible  upon  the  subperi- 
osteal plan ;  but  the  anatomy  of  the  joint,  and  the  conditions 
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under  which  the  operation  is  usually  performed,  do  not  lend 
themselves  to  this  method,  which  is,  mdeed,  distinctly  un- 
suited  to  this  part  of  the  body.  Even  if  carried  out  precisely 
upon  the  lines  laid  down  by  Oilier,  it  is  still  incomplete.  An 
extensive  arthrectomy  is  the  nearest  approach  to  a  sub- 
periosteal operation. 

D.  Longitudinal  incisions  are  employed  by  some  surgeons 
The  incision  may  be  median,  and  the  patella  either  turned 
aside  or  split  vertically,  and  then 

united  by  suture  after  the  operation 
is  completed. 

Langenbeck  employs  a  vertical 
cut  some  five  inches  in  length,  which 
is  situated  upon  the  antero-internal 
aspect  of  the  j  oint.  The  knife  divides 
the  vastus  internus  half-way  between 
the  inner  edge  of  the  patella  and  the 
internal  condyle,  and  is  arrested 
opposite  to  the  inner  tuberosity  of 
the  tibia. 

The  bones  are  dislocated  inwards, 
and  removed. 

Jeffray,  Sedillot,  and  William 
Knight  Treves  employed  two  vertical 
lateral  incisions,  dividing  the  bones 
by  means  of  a  chain-saw  or  a  very 
narrow  hand-saw. 

These  operations  by  means  of 
longitudinal  incisions  were  for  the 
most  part  designed  with  the  pur- 
pose of  saving  the  patella  and  its  ligament,  and  were  founded 
upon  the  behef  that  the  preservation  of  those  structures  was 
of  primary  importance  in  the  future  utility  of  the  limb. 

The  method  by  a  longitudinal  incision  is  difficult  and 
tedious,  a  small  space  is  provided,  a  good  view  of  the  interior 
of  the  joint  cannot  be  obtained,  the  removal  of  all  the 
diseased  tissue  is  less  surely  effected,  and  good  drainage 
cannot  be  provided  for  unless  a  special  drainage  incision 
be  made. 

E.  Golding  Bird   preserved   the  patella,  but  sawed  it 
s  3  2 


Fig.    208. — EXCISION    OF  THE 
KNEE. 

A,  U-sliaped  flap ;  B,  Ollier's 
subi)eriosteal  method. 
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through  transversely  to  reach  the  joint,  and  after  the  excision 
nnited  the  two  fragments  of  the  bono  together  with  sutures. 
]J»r.  Fenwick,  of  Montreal,  saws  both  femur  and  tibia  in  a 
curved  line,  "so  as  to  make  them  fit  together  more  closely 
and  accurately  than  they  would  do  otherwise." 

There  is  nothing  to  recommend  this  operation,  while  many 
very  cogent  arguments  may  be  urged  against  it. 

After-treatment. — The  after-treatment  is  of  the  utmost 
importance,  is  tedious,  and  often  surrounded  with  difficulties. 
There  is  a  tendency  to  displacement,  and  notably  to  a  dis- 
placement of  the  tibia  backwards.  If  sound  healing  do  not 
take  place,  the  limb  is  worse  than  useless,  and  the  flail-like 
limb  that  may  result  is  of  less  service  to  the  patient  than  a 
good  artificial  leg. 

The  limb  must  be  put  up  perfectly  straight — i.e.,  in 
the  position  of  complete  extension — and  for  the  purpose  of 
flxing  it  many  surgeons  employ  plaster-of-Paris.  The  rigid 
dressing  formed  of  this  material  is  not  entirely  satisfactory. 
It  may  exercise  an  unequal  pressure  upon  the  parts,  and  may 
lead  to  oedema,  etc.  Discharge  may  find  its  way  between  the 
splint  and  the  limb,  the  dressing  is  difficult  to  remove,  and 
even  when  large  "  Avindows "  are  provided  the  inspection  of 
the  part  can  never  be  so  complete  as  it  should  be. 

Such  a  splint  should  be  provided  as  will  allow  the  bones, 
to  be  kept  in  good  position,  will  permit  of  a  free  inspection 
and  examination  of  the  wound,  and  will  not  interfere  with 
dressing  and  drainage. 

It  is  well  that  the  splint  should  be  suspended. 

Mr.  Howard  Marsh  points  out  that  "the  plan  of  firmly 
bandaging  the  lower  end  of  the  femur  to  the  back  splint  leads 
to  great  swelling  about  the  wound,  and  materially  retards 
repair.  It  is  apt,  also,  to  induce  persistent  venous  oozing 
after  the  operation."  To  avoid  these  drawbacks,  he  employs 
Gant's  splint.  This  simple  splint,  mstead  of  binding  the 
femur  down  to  the  level  of  the  tibia,  brings  the  tibia  up 
to  the  level  of  the  femur,  and  no  tight  bandaging  is  called 
for. 

Another  splint  which  answers  admirably  in  the  after- 
treatment  of  excision  of  the  knee  is  Howse's  splint  (described 
in  Guys  Hospital  Report,  1877,  page  503). 
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Not  a  few  of  the  splints  employed  have  the  disadvantage 
of  bemg  complex,  and  difficult  to  adjust. 

Dry  dressings  should  be  applied  to  the  wound. 

The  limb  must  be  kept  upon  the  splint  until  it  is  sound. 
This  period  will  vary  from  six  weeks  to  three  months.  Com- 
plete recovery  can  usually  not  be  expected  until  six  months 
have  elapsed. 

After  the  splint  has  been  removed,  a  light  leather  support, 
strengthened  with  a  strip  of  steel  at  the  back,  should  be 
applied ;  and  in  the  case  of  children  Mr.  J acobson  advises  that 
such  a  support  should  be  worn  for  three  or  more  years. 

A  thick-soled  boot  will  be  required  to  meet  the  inevitable 
shortening. 

Results. — The  results  in  very  young  children  (under  five 
years  of  age)  have  been  bad,  and  the  same  may  be  said  of 
patients  over  thirty.  Excision  of  the  knee  in  adults  over 
forty  has  been  attended  with  very  bad  results. 

The  mortality  of  excision  for  disease  is  about  20  to  25  per 
cent. ;  of  excision  for  injury,  about  40  per  cent. ;  and  of  ex- 
cision for  gunshot  wounds,  about  80  per  cent. 

The  best  result  is  obtained  when  firm  anchylosis  follows. 
Deformed,  stunted,  and  flail-like  limbs  are  common  after  this 
operation ;  and  when  the  excision  has  been  performed  for 
tubercular  disease,  a  relapse  is,  unfortunately,  not  uncommon. 

EXCISION  OF  THE  FEMUR. 

Excisions  of  portions  of  the  femur,  apart  from  the  removal 
of  large  sequestra,  are  very  rarely  indeed  carried  out. 

In  the  treatment  of  gunshot  injuries  it  would  appear 
that  these  operations  are  attended  by  a  mortality  of  nearly 
70  per  cent.  (Otis).  In  acute  bone  disease  the  indications  for 
an  excision  operation  are  seldom  clear,  and  better  methods  of 
dealing  with  ununited  fracture  of  the  shaft  have  been  devised. 

To  reach  the  shaft  of  the  bone  the  incision  should  be 
made  upon  the  outer  side  of  the  limb,  and  be  carried  down  to 
the  bone  between  the  vastus  externus  and  the  short  head  of 
the  biceps  muscle. 
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Excision  of  the  Hip. 

This  operation  usually  implies  the  removal  merely  of  the 
upper  end  of  the  femur,  and  the  scraping  away  of  any 
diseased  tissue  which  may  occupy  the  acetabulum.  As  in  the 
case  of  the  shoulder-joint,  so  here  also  the  excision  does  not 
involve  the  whole  joint  and  the  entire  articulating  surfaces. 

The  value  of  the  operation,  the  conditions  under  which  it 
should  be  performed,  and  the  character  of  the  results  obtained, 
have  been,  and  still  are,  subjects  upon  which  the  most  diverse 
opinions  are  held. 

It  may  be  assumed,  in  the  first  place,  that  excision  of  the 
hip  is  usually  performed  for  chronic  suppurative  joint  disease 
occurring  in  young  subjects.  In  all  but  a  quite  small  pro- 
portion of  the  cases  the  mischief  is  tubercular. 

The  age  between  six  and  fourteen  is  considered  to  be  the 
best  for  the  operation,  and  few  even  of  those  who  practise 
excision  extensively  would  carry  out  this  measure  in  patients 
over  sixteen  years  of  age.  One  or  two  surgeons  have  ex- 
pressed the  opinion  that  the  operation  should  never  be  per- 
formed in  patients  under  the  age  of  ten. 

Mr.  Howard  Marsh  is  very  adverse  to  the  operation 
("  Diseases  of  the  Joints,"  1886).  He  considers  that  the  treat- 
ment by  continued  rest  provides  such  admirable  results  (re- 
covery with  but  slight  lameness  and  but  slight  loss  of  move- 
ment in  70  per  cent,  of  the  cases,  and  a  mortality  of  about 
5  per  cent.)  that  the  conditions  which  would  sanction  excision 
are  exceedingly  few.  Even  when  suppuration  has  occurred, 
he  would  not  place  the  mortality  above  6  or  8  per  cent. 

He  considers  that  operation  in  the  early  stage  of  the 
disease  is  unjustifiable,  and  that  in  very  advanced  disease  the 
excision  will  be  of  doubtful  benefit. 

Mr.  Wright,  on  the  other  hand,  is  strongly  in  favour  of  the 
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operation,  aiid  considers  that  it  should  be  performed  early — 
at  least,  as  soon  as  there  is  any  evidence  of  external  abscess 
{"  Hip  Disease  in  Childhood  ").  Mr.  Wright  has  performed 
excision  in  over  one  hundred  cases,  while  at  the  London 
Hospital  only  four  excisions  of  the  hip  have  been  performed 
in  four  years. 

Mr.  Barker, in  his  "  Hunterian  Lectures"  (1888),  advocates 
with  some  reserve  excision  in  the  early  stages  of  the  disease, 
and  considers  that  the  cases  of  advanced  mischief  m  the  joint 
are  unsuitable  for  excision.  The  method  of  operating  advised 
by  Mr.  Barker  (page  703)  has  been  attended  with  considerable 
success. 

The  usefulness  of  the  limb  obtained  after  excision  has  also 
been  the  subject  of  considerable  difference  of  opinion. 

Into  this  very  wide,  complicated,  and  vexed  question  it  is 
impossible  here  to  enter.  It  is  only  necessary  to  point  out 
that  the  position  of  this  operation  cannot  yet  be  considered 
to  be  fully  established,  and  it  may  be  suggested  that  the  truth 
will  be  found  to  be  in  a  course  midway  between  the  two  very 
adverse  modes  of  practice  to  which  allusion  has  just  been 
made. 

Excision  of  the  hip  for  gunshot  injury  has  been  attended 
with  a  terrible  mortality.  Otis's  statistics  show  a  death  rate 
of  90'9  per  cent.  The  same  statistics,  however,  show  that  in 
the  cases  treated  by  conservation  the  mortality  was  98"8  per 
cent,  and  in  those  treated  by  amputation  it  was  83-3  per  cent. 

The  excisions  at  one  time  practised  for  anchylosis  in  a  bad 
position  have  been  replaced  by  osteotomy. 

Excision  of  the  hip  was  first  suggested  by  Charles  White, 
of  Manchester,  in  1709.  It  was  first  performed  by  Anthony 
White,  of  the  Westminster  Hospital,  in  1818.  The  operation 
Avas  carried  out  on  a  boy  of  14  to  remedy  the  result  of  long- 
standing hip  disease.  Four  inches  of  the  femur  were  removed. 
A  good  recovery  followed. 

The  operation  was  but  seldom  practised  until  the  time  of 
Sir  William  Fergusson,  who  did  much  to  bring  the  measure 
into  general  use  {Med.-GJdr.  Trans.,  1845). 

Within  recent  times  the  operation  has  perhaps  been  some- 
what too  extensively  and  too  indiscriminately  practised ;  and 
after  a  reaction  in  the  opposite  direction  of  condemning  the 
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operation  altogether  has  passed  away,  the  true  use  and  position 
of  the  excision  will  no  doubt  be  established. 

Anatomical  Points.— The  hip-joint  is  deeply  placed,  and 
is  surrounded  by  numerous  muscles.  In  front  are  the  psoas 
and  iliacus;  behind,  the  quadratus  femoris,  the  obturator 
internus,  the  two  gemelli,  and  the  pyriformis  ;  on  the  outer 
side  are  the  gluteus  medius  and  minimus  and  the  rectus ;  and 
on  the  inner  side  are  the  pectineus  and  obturator  externus. 

The  capsule  of  the  joint  is  exceedingly  strong,  and  forms 
indeed  the  strongest  ligament  in  the  body. 

The  thickest  parts  of  the  capsule  have  received  the  names 
of  the  ilio-femoral,  the  ischio-femoral,  and  the  pubo-femoral 
ligaments.  The  capsule  is  thinnest  between  the  ilio-femoral 
and  pubo-femoral  ligaments,  and  here  the  synovial  sac  often 
communicates  with  the  bursa  which  hes  beneath  the  psoas 
muscle  at  this  spot.  The  capsule  is  also  weak  where  covered 
by  the  obturator  muscles. 

The  upper  border  of  the  great  trochanter  is  on  a  level  with 
the  centre  of  the  hip-joint.  A  line  (Nelaton's  line)  dra-wn 
from  the  anterior  superior  iliac  spine  to  the  most  jirominent 
part  of  the  tuber  ischii  will  cross  the  centre  of  the  acetabulum 
and  will  hit  the  top  of  the  great  trochanter. 

The  head  of  the  femur  lies  close  below  Poupart's  ligament, 
and  just  to  the  outer  side  of  its  central  point. 

The  position  of  the  chief  bursas  about  the  hip-joint  should 
be  borne  in  mind. 

Ossification  commences  in  the  head  of  the  femur  ten 
months  after  birth,  in  the  great  trochanter  in  the  fourth  year, 
and  in  the  lesser  trochanter  in  the  thirteenth  year.  The  last- 
named  process  of  bone  joins  the  shaft  at  the  age  of  eighteen, 
the  great  trochanter  joins  about  eighteen  and  a  half,  and 
the  head  about  the  nineteenth  year.  The  neck  is  ossified 
by  an  extension  from  the  diaphysis,  and  this  upper  ex- 
tremity of  the  shaft  serves  to  separate  the  head  from  the 
two  trochanters. 

The  acetabular  element  of  the  os  innominatum  ossifies  in 
the  sixth  year  from  one  or  more  centres  which  appear  in  the 
Y-shaped  cartilage. 

The  bone  so  produced  joins  with  .the  ilium  and  the 
ischium  at  the  age  of  fourteen,  and  with  the  os  pubis  at 
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fifteen.  The  ossification  of  the  acetabuhim  is  completed  at 
about  the  age  of  seventeen  years. 

The  shortening  which  follows  upon  removal  of  the  upper 
end  of  the  femur  in  a  young  subject  is  much  less  than  would 
be  expected.  Indeed,  such  diminution  of  length  as  follows 
would  appear  to  be  due  rather  to  the  actual  loss  of  bone,  to 
some  possible  displacement  of  the  upper  end  of  the  femur, 
and  to  the  general  atrophy,  which  is  marked  in  the  entire 
extremity.  The  principal  increase  in  the  femur  is  effected  by 
the  lower  epiphysis.  Little  growth  is  accomplished  by  the 
upper.  A  main  feature  in  the  shortened  limb  after  hip 
disease  is  certainly  due  to  a  general  arrest  of  development 
in  the  entire  limb. 

THE  OPERATION. 

The  following  methods,  most  usually  employed  at  the 
present  day,  Avill  be  described  with  such  comments  as  bear 
upon  their  comparative  advantages  and  disadvantages  : — 

1.  By  an  external  incision  (Langenbeck's  operation).  . 

2.  By  the  subperiosteal  method. 

3.  By  an  anterior  incision  (Llicke's   operation  and 

Barker's  operation). 

4.  By  a  posterior  incision. 

1.  By  an  External  Incision  (Langenbeck's  Operation). 

The  patient  lies  upon  the  sound  side,  with  the  thigh  flexed 
at  an  angle  of  45  degrees,  and  rotated  a  httle  inwards. 

The  surgeon  stands  to  the  outer  side  of  the  limb.  An 
assistant  at  the  foot  of  the  table  holds  the  leg,  and  manipulates 
the  extremity  as  required.  A  second  assistant  stands  on  the 
opposite  side  of  the  table  facing  the  surgeon,  and  attends  to 
the  sponging,  etc.  A  third  assistant  may  take  his  place  close 
^to  the  patient's  trunk  and  by  the  operator's  side.  He  can 
assist  Avith  the  retractors. 

(1)  The  Incision. — A  straight  incision  about  four  or  four 
and  a  half  inches  in  length  is  made  in  the  long  axis  of  the 
limb,  and  over  the  outer  surface  of  the  great  trochanter.  It 
falls  a  little  behind  the  middle  of  that  process,  and  in  the 
position  in  which  the  Hmb  is  placed  would  fall  upon  a  line 
directed  downwards  from  the  posterior  superior  iliac  spine  to 
follow  the  long  axis  of  the  femur.    Two-thirds  of  the  incision 
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will  lie  over  the  ilium,  and  one-third  over  the  great  trochanter 
and  femur. 

The  upper  extremity  of  the  wound  will  be  about  opposite 
to  the  superior  margin  of  the  great  sciatic  notch  (Fig.  209). 

(2)  The  Opening  of  the  Joint— The  knife  is  carried  directly 
down  to  the  bone  and  the  capsule  of  the  hip-joint. 

The  knife  therefore  divides  the  glutei  muscles  in  the 
direction  approximately  of  their  fibres.    The  wound  may  be 

enlarged  if  needed.  The 
capsule  is  opened  in  the 
line  of  the  skin  incision. 
It  is  also  divided  trans- 
versel}^,  close  to  the 
acetabulum,  so  that  the 
section  of  the  ligament 
is  T-shaped. 

By  cutting  the  cotyl- 
oid ligament  air  is  ad- 
mitted into  the  joint, 
and  the  femur  becomes 
separated  from  the  ace- 
tabulum. The  condition 
of  the  bones  can  now 
be  ascertained  with  the 
hnger. 

The  muscles  attached 
to  the  great  trochanter 
are  now  divided  close  to 
their  insertion  mto  that 
bone.    The  limb  is  rotated  inwards,  in  order  to  expose  the 
connections  of  the  posterior  muscles,  and  rotated  outwards 
to  reach  and  divide  the  anterior  muscles. 

The  liganientum  teres  will  probabl}^  have  disappeared ;  if 
not,  it  must  now  be  severed. 

(3)  The  A2')plication  of  the  Saw. — The  head  of  the  bone 
is  dislocated  backwards,  and  thrust  as  far  as  convenient  into 
the  wound.  While  the  soft  parts  are  protected  by  means  of 
retractors  and  spatulre,  the  surgeon  divides  the  upper  end  of 
the  femur  by  means  of  a  narrow  saw. 

Such  arterial  twigs  as  bleed  can  pj-obably  be  secured  by 


Fig. 
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means  of  pressure  forceps,  cand  the  application  of  a  ligature 
to  any  vessel  will  seldom  be  required. 

The  surgeon  finally  removes,  with  the  gouge  or  chisel,  any 
diseased  bone  which  may  be  found  in  the  acetabulum. 

With  the  sharp  spoon  he  then  proceeds  to  scrape  out  the 
cavity  of  the  jomt,  ^and  to  remove  any  traces  of  diseased 
synovial  tissue  which  may  be  left.  Sinuses  are  scraped  and 
opened  up.  The  joint  is  well  washed  out  with  a  carbolic 
solution — 1  in  40 — and  is  then  well  dried  with  the  sponge. 

The  sutures  are  inserted,  and  a  drainage-tube  introduced. 

Comment. — No  Esmarch's  tourniquet  is  required  in  this 
or  any  other  method  of  excising  the  hip. 

If  the  head  of  the  femur  be  dislocated  upon  the  dorsum, 
the  incision  will  have  to  be  a  little  modified.  It  may  be  made 
small  at  first,  and  enlarged  as  required. 

In  young  subjects  the  cartilaginous  tissue,  of  which  the 
great  trochanter  is  still  in  part  composed,  may  be  peeled  off 
with  the  muscles,  the  rugine  being  used  instead  of  the  knife. 

During  the  saAving  of  the  femur  care  should  be  taken  to 
disturb  the  periosteum  as  little  as  possible. 

The  head  of  the  bone  may  be  steadied  by  means  of  the 
lion  forceps  while  being  sawn. 

The  actual  amount  of  bone  removed  from  the  femur  must 
depend  mainly  upon  the  extent  of  the  disease.  This,  however, 
is  not  the  sole  consideration,  and  upon  this  point  the  opinion 
of  Mr.  Jacobson  may  be  expressed : — "  I  think  that  the  section 
through  the  great  trochanter  (i.e.,  just  below  its  upper  margin) 
is  preferable  to  one  above  it  (i.e.,  through  the  neck).  This 
has  the  advantages  of  disturbing  and  damaging  the  attach- 
ments of  muscles  much  less,  and  thus  leads  to  more 
rapid  healing  and  far  greater  mobility  of  the  limb.  These, 
however,  are  outweighed  by  the  disadvantage  which  leaving 
such  a  large  piece  of  bone  as  the  trochanter  entails — viz.,  that 
after  healing,  this  process  gets  drawn  up  against  the  scar  and 
constantly  frets  it.  It  is  also  said  to  check  the  escape  of 
discharges,  and  to  render  the  patient  liable  to  persistence  or 
recurrence  of  the  disease.  I  am  doubtful  as  to  the  last  two, 
but  the  first  is  absolutely  certain"  ("The  Operations  of 
Surgery,"  page  973). 

Mr.  Barker  is  not  disposed  to  admit  the  objections  which 
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have  been  urged  against  the  retention  of  the  trochanter,  and 
advises  that  under  any  circumstances  as  Httle  bone  should 
be  taken  away  as  possible,  compatibly  with  thorough  removal 
of  the  diseased  portions. 

This  operation  follows  very  emphatically  the  lines  of  the 
"open  method,"  and  is  a  little  crude  and  a  little  regardless 
of  the  tissues  in  the  vicinity  of  the  joint. 

It  may  claim  to  be  easy  and  safe.  The  bone  is  well  and 
readily  exposed,  and  is  very  easily  sawn. 

Good  drainage  is  allowed  for. 

The  disadvantages  of  the  method  are  the  following  : — Many 
large  and  important  muscles  arc  cut  through,  and  the  stability 
of  the  new  joint  possibly  weakened  thereby.  The  soft  parts 
are  exposed  to  much  handling  and  some  bruising.  Many  of 
the  arteries  which  meet  about  the  great  trochanter  are  divided. 
A  transverse  section  is  made  of  the  capsule,  and  the  strength 
of  that  ligament  is  consequently  weakened. 

2.  By  the  Subperiosteal  Method. 

(1)  T/te  Incision,  and  the  Exposure  of  tJte  Neck  of 
tJte  Femur. — The  incision  is  precisely  similar  to  that  just 
described ;  and  the  positions  of  the  patient,  of  the  limb,  and 
of  the  surgeon,  are  identical  with  those  observed  in  the  previous 
operation.  The  skin  and  subcutaneous  fat  are  divided,  and 
the  part  of  the  gluteus  maximus  muscle  which  is  exposed 
is  severed  in  the  line  of  the  skin  incision,  and  the  gap  thus 
made  in  the  muscles  is  widened  by  means  of  suitable  retractors 
(Fig.  210).  The  surgeon  now  seeks  with  the  linger  for  the  gap 
between  the  gluteus  medius  (in  front  and  above)  and  the 
pyriformis  (behind  and  below).  These  two  muscles  are 
separated  from  one  another,,  and  in  the  gap  between  them  and 
in  the  line  of  the  original  -incision  the  knife  is  carried  down 
to  the  great  trochanter,  the  periosteum  of  which  is  divided 
(Fig.  2]0). 

Now  with  one  broad  retractor  the  gluteus  medius  is  dra^vn 
forwards  and  the  pyriformis  backwards,  and  the  capsule,  which 
is  thereby  exposed,  is  divided  with  the  knife  in  the  long  axis 
of  the  femoral  neck. 

Passing  through  the  capsule,  the  surgeon  divides  the 
periosteum  of  the  neck  in  the  same  line,  and  continues  this 
periosteal  incision  downwards  over  the  upper  margin  of  the 
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trochanter  to  join  the  mcision  abeady  made  in  the  membrane 
covering  that  process  (Fig.  211). 

The  part  is  now  ready  for  the  rugine. 

2.  The  Anterior  Gapsulo-Periosteal  Flap. — With  the 
rugine  the  surgeon  now  separates  the  periosteum  from  the 


Fig.  210.— EXCISION  OF  THE  HIP  BY  AN  EXTEENAL  INCISION. 

A,  Gluteus  niaximus  i  B,  Gluteus  medius  at  the  great  trochanter  ;  C,  Pyriformis. 

{After  Flint  be  I  if.) 

neck  and  the  great  trochanter,  turning  it  forwards  and  back- 
wards in  the  form  of  two  flaps.  To  complete  these  triangular 
flaps  the  periosteum  is  divided  transversely  along  the  line  at 
which  the  neck  of  the  femur  joins  the  articular  cartilage  of 
the  head.  The  thigh  is  flexed  and  rotated  outwards,  and 
Avorking  the  rugine  from  above  downwards  and  from  behind 
forwards,  the  inner  part  of  the  neck  and  of  the  trochanter  are 
laid  bare.  In  this  stage  of  the  operation  the  insertions  of  the 
gluteus  medius  and  gluteus  minimus,  and  of  the  Y-shaped 
ligament,  are  separated  from  the  bone,  together  with  the 
periosteum. 
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(3)  The  Posterior  Capsulo- Periosteal  FLa2).—The  thigh 
is  now  less  flexed,  is  adducted  and  rotated  inwards.  The 
rugine  is  used  from  above  downwards  and  from  before  back- 
wards, and  the  periosteum  is  elevated  from  the  outer  part  of 
the  neck,  from  the  digital  fossa,  and  from  the  posterior  part  of 
the  trochanter.    With  it  is  separated  more  of  the  capsule 

and  the  attach- 
ments of  the 
obturators,  the 
gemelli,andthe 
pyrifonnis. 

4.  The  Re- 
moval of  the 
Upper  End  of 
the  Femwr. — 
The  head  of 
the  bone  is  dis- 
located back- 
wards, and 
when  free  of 
the  acetabulum 
the  rugine  is 
again  used  to 
clear  all  the 
remaming  peri- 
osteum, with  the  remaining  attachments  of  the  capsule,  from 
the  neck  of  the  femur.  As  this  is  being  done,  the  periosteum 
along  the  line  of  its  termination  at  the  articular  head  is 
divided. 

The  thigh  is  flexed  and  adducted,  and  while  the  head  is 
steadied  with  lion  forceps  and  the  soft  parts  are  protected  by 
spatulae,  the  upper  end  of  the  bone  is  sawn  through  as  far 
down  as  it  has  been  laid  bare. 

Any  disease  of  the  acetabulum  is  dealt  with  in  the  usual 
way.    A  drain  is  introduced,  and  the  sutures  are  inserted. 

Comment. — This  procedure  is  excellent  in  theory,  but  it 
can  be  of  most  limited  application  in  practice. 

Sir  Wm.  MacCormac  is  of  opinion  that  the  subperiosteal 
method  may  be  carried  out  in  children,  and  in  cases  of 
secondary  resection  after  injury,  but  that  it  is  impracticable 


Fig.         — EXCISION  OF  THE  HIP  BY  AN  EXTERNAL  INCISION. 

A,  Gluteus  maximus  ;  B,  Gluteus  medius ;  c.  Piriformis ; 
D,  Great  trochanter ;  e.  Capsule  of  hip-joint.  [larabeiif.) 
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where  excision  is  performed  for  recent  injury  in  the  adult.  In 
the  ordinary  affection  for  which  the  operation  is  performed — 
viz.,  tubercular  joint  disease — it  can  seldom  be  desirable  to  pre- 
serve so  much  of  the  intracapsular  periosteum.  It  has  not 
been  clearly  shown  that  the  preservation  of  this  periosteum 
has  had  substantial  effect  upon  the  utility  of  the  limb  after 
the  operation. 

The  procedure  is  difficult  and  tedious,  and  the  deeper  parts 
of  the  wound  are  so  disposed  as  not  to  favour  drainage.  The 
method  of  dealing  with  the  trochanter 
is,  in  suitable  cases,  worthy  of  adoption. 

3.  By  an  Anterior  Incision. 

Lucke's  Operation.  —  The  mcision 
in  this  case  consists  of  a  straight  line 
in  the  long  axis  of  the  femur,  and 
from  four  to  five  inches  in  length. 
Commencing  about  half  an  inch  below 
and  to  the  inner  side  of  the  anterior 
superior  ihac  spine,  it  descends  nearly 
vertically  just  to  the  outer  side  of  the 
anterior  crural  nerve  (Fig.  212). 

The  inner  border  of  the  sartorius 
is  exposed,  and  then  the  rectus  and  the 
psoas. 

The  thigh  is  flexed,  adducted,  and 
rotated  out,  the  sartorius  and  rectus 
are  drawn  to  the  outer  side  by  suit- 
able retractors,  and  the  psoas  to  the 
mner  side.  Fig  212.— excision  of  the 

The  capsule  of  the  ioint  is  thus  ^-^^cke's  anteeioh 

,        ^  .  INCISION. 

exposed,  and  is  mcised  vertically. 

The  cotyloid  ligament  is  cut,  the  head  of  the  bone  freed 
and  sufficiently  displaced  to  allow  of  the  saw  being  applied. 

Barkers  Operation.— Thi?,  operation  is  described  in  the 
British  Medical  Journal  (Jan.  19th,  1889).  It  has  been 
attended  with  remarkably  successful  results. 

The  incision  employed  is  that  advised  by  Dr.  Hueter  in 
1878,  and  independently  by  Mr.  R  W.  Parker  {Clin.  Soc. 
Trans.,  vol.  xiii.). 

The  patient  lies  supine,  with  both  thighs  fully  extended. 
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The  surgeon  stands  in  every  case  on  the  right  side  of  the 
patient;  one  assistant,  facing  him,  holds  the  affected  thigh, 
another  stands  beside  and  to  the  left  of  the  operator. 

The  most  precise  and  rigorous  aseptic  measures  are  carried 

out. 

The  incision  commences  on  the  front  of  the  thigh,  half 
an  inch  below  the  anterior  superior  spinous  process  of  the 
ilium,  and  runs  downwards  and  a  little  inwards  for  three 
inches.  As  the  knife  sinks  into  the  limb  it  passes  between  the 
tensor  vaginiB  femoris  and  glutei  muscles  on  the  outside,  and 
the  sartorius  and  rectus  on  the  inside,  until  it  reaches  the 
neck  of  the  femur.  This  incision  does  not  divide  any  muscle 
fibres,  nor  vessels  or  nerves  of  the  slightest  importance. 
It  is  unnecessary  to  carr}'-  the  deeper  part  of  the  incision  to 
the  full  extent  of  the  external  wound.  If  an  abscess  is  opened 
up  before  the  joint  is  reached,  its  contents  are  thoroughly 
flushed  out  with  sterilised  hot  water,  at  a  temperature  of 
between  105^'  and  110^,  before  anything  further  is  done. 
For  this  purpose  a  large  three-gallon  can  is  used,  which  has 
three  taps  below,  to  each  of  which  six  or  eight  feet  of  india- 
rubber  tubing  is  attached.  This  can  is  placed  some  'feet 
above  the  operating  -  table,  so  as  to  have  a  considerable  • 
pressure  of  water.  Each  of  the  rubber  tubes  terminates  in 
one  of  Barker's  flushing-gouges.  These  instruments  consist  of 
a  gouge  with  a  canal  running  through  the  handle,  so  that  a 
stream  of  water  may  be  directed  into  the  hollow  of  the  gouge. 
The  abscess  having  been  cleared  out  by  means  of  the  rush  of 
hot  water,  aided  by  these  flushing-gouges,  the  neck  of  the 
femur  is  sawn  across  with  a  narrow  saw  in  the  du'ection  of  the 
external  wound.  The  diseased  head  can  then  be  lifted  out 
by  means  of  the  flushing-scoop  or  a  sequestrum  forceps, 
through  which  the  hot  stream  is  rushing  into  the  joint.  By 
the  time  the  head  of  the  bone  has  been  got  out,  the  whole 
cavity  is  comparatively  clean.  Now  begins  the  search  for 
further  disease.  This  can  usually  be  easily  estimated  by  the 
left  forefinger,  with  which  the  acetabulum  is  first  examined, 
and  then  all  the  other  parts  of  the  joint-cavity.  Wherever 
diseased  material  is  felt,  it  is  cut  away  by  the  flushing-gouge 
or  scoop,  the  hot  water  carrymg  away  the  cUhris  as  fast 
as  it  is  produced,  and  with  it  all  blood,  while  at  the  same 
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time  it  arrests  bleeding  from  the  fresli-cut  surfaces.  When 
every  part  of  the  field  of  operation  has  been  gouged  and 
scraped  clean  of  all  tubercular  material,  and  the  water  runs 
away  clear,  the  cavity  is  dried  out  with  carbolised  sponges,  one 
or  two  of  which  are  left  in  it  until  all  the  stitches  are  placed 
in  position.  These,  which  are  of  hard  carbolised  sillv,  should 
dip  deeply,  and  be  placed  close  together.  J ust  before  they  are 
tied,  the  sponges  are  removed,  and  with  them  the  last  traces 
of  moisture.  The  wound  is  then  filled  up  with  iodoform 
emulsion,  and  the  sutures  are  tied,  as  much  of  the  emulsion 
being  squeezed  out  at  the  last  moment  as  will  come  away.  A 
little  iodoform  is  now  dusted  over  the  surface  of  the  incision — 
in  which  there  is  no  drainage-tube  in  most  cases — and  the 
whole  joint  is  covered  with  salicylic  wool,  so  adjusted  in  strips 
that  evenly-graduated  pressure  is  brought  to  bear  upon  every 
aspect  of  the  field  of  operation,  while  the  limb  is  held  well 
abducted.  If  the  wool  be  now  firmly  compressed  with  a  spica 
bandage,  the  walls  of  the  whole  clean-scraped  cavity  are 
brought  into  contact,  and  the  remainder  of  the  neck  of  the 
femur  is  thrust  into  the  acetabulum,  and  secured  there. 

Now  when  all  this  has  been  done,  although  there  remains 
potentially  a  cavity,  there  is  actually  nothing  of  the  kind,  for 
all  the  surfaces  have  been  brought  into  apposition.  And  then, 
assuming  that  perfect  asepsis  has  been  observed,  all  these  sur- 
faces ought  to  unite  with  a  minimum  of  plastic  exudation. 
After  the  operation  the  patient  is  at  once  placed  upon  a  double 
Thomas's  splint. 

Comment. — Of  these  two  procedures,  the  latter  is  un- 
doubtedly the  better.  In  Lticke's  operation  the  incision  is 
placed  too  far  on  the  anterior  surface,  the  capsule  is  not  ex- 
posed through  the  most  convenient  inter-muscular  space,  the 
psoas  muscle  is  not  readily  drawn  aside,  and  the  capsule  must 
be  opened  through  the  ilio-femoral  ligament.  The  external 
circumflex  artery  can  scarcely  escape  division. 

In  speaking  therefore  of  excision  of  the  hip  by  an  anterior 
incision  it  will  be  considered  that  Mr.  Barker's  operation  is 
implied. 

The  advantages  of  this  operation  are  as  follows : — The 
capsule  is  reached  by  a  short  and  direct  route ;  no  muscles  are 
divided  in  exposing  the  joint ;  no  vessels  and  no  nerves  of  any 
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consequence  are  severed ;  the  nutrition  of  the  tissues  around 
the  joint  can  be  but  very  little  impaired  ;  and  the  least  pos- 
sible amount  of  damage  is  inflicted  upon  the  soft  parts.  The 
neck  of  the  bone  is  divided  in  situ.  The  head  is  not  wrenched 
out  of  the  incision,  a  step  which  not  only  is  apt  to  damage  the 
surrounding  tissues,  but  also  to  strip  off  the  periosteum  be- 
yond the  line  of  section.  The  position  of  the  incision  is  very 
convenient  in  the-  after-treatment,  and  permits  of  an  external 
or  a  posterior  splint  being  applied  without  pressure  being 
brought  to  bear  upon  the  wound.  The  whole  of  the  diseased 
tissue  is  removed.  All  these  advantages  are  definite  and 
substantial.  One  objection  has  been  urged  against  the 
method.  It  is  said  that  proper  drainage  cannot  be  carried 
out,  and  therefore  healing  must  be  delayed. 

This  objection  Mr.  Barker  has  fully  met  in  his  recent 
communications.  He  has  found  the  anterior  opening  per- 
fectly adequate  for  the  drainage  of  the  cavity  left  by 
the  operation.  Indeed,  in  the  majority  of  the  cases  m 
which  the  whole  of  the  tubercular  disease  has  been  removed 
no  drainage-tube  is  employed,  but  the  wound  is  at  once 
closed.  Out  of  seven  cases  reported  (Brit.  Med.  Journ., 
Nov.  1st,  1890),  no  less  than  six  healed  by  first  mtentiou 
under  one  dressing.  Mr.  Bilton  Pollard  (Med.-Chir. 
Trans.,  1889)  has  reported  four  cases  of  excision  in  ad- 
vanced hip  disease  with  caseous  abscesses.  The  operation 
was  carried  out  upon  the  lines  laid  down  by  Mr.  Barker. 
The  anterior  incision  was  adopted  in  three  cases,  the  posterior 
in  one.  No  drainage-tubes  were  employed.  The  wounds 
were  dressed  for  the  first  time  on  the  seventh  day,  and  were 
found  to  have  healed  throughout  by  first  intention. 

So  far  as  the  reports  of  cases  of  excision  of  the  hip  afford 
material  for  comparison,  it  is  clear  that  the  operation  above 
described  has  such  advantages  that  it  may  claim  to  be 
considered  the  method  of  election. 

4.  By  a  Posterior  Incision. 

This  operation  differs  but  very  little  from  the  method 
by  an  external  incision  first  described.  The  incision  is 
retro-trochanteric,  commences  opposite  to  the  highest  point 
of  the  acetabulum,  and'  is  carried  in  a  curved  direction  along 
the  posterior  part  of  the  trochanter,  maintaming  through- 
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out  a  distance  of  about  one  inch  from  the  border  of  the 
bona 

The  ghiteal  muscles  are  cut  through,  the  capsule  is  divided, 
and  the  head  of  the  bone  is  dislocated  and  sawn  off  precisely  as 
in  the  operation  first  described. 

The  method  admits  of  excellent  drainage,  but  it  possesses 
the  disadvantages  which  have  been  mentioned  in  connection 
with  the  external  incision,  the  section  of  muscular  tissue  is  con- 
siderable, and  the  wound  is  exposed  to  pressure  during  the 
after-treatment. 

Other  Methods  of  Operating.  —  The  many  methods 
which  have  been  devised  for  the  carrying  out  of  this  opera- 
tion differ  mainly  in  the  situation  of  the  incision. 

Farabeuf  gives  illustrations  of  eighteen  different  methods. 

Eetro-trochanteric  incisions  are  common.  An  incision 
advised  by  many  is  that  known  as  the  superior  incision.  It 
follows  the  neck  of  the  femur  above  the  trochanter,  and  then, 
if  an  extension  of  its  length  be  needed,  is  carried  along  the 
posterior  margin  of  that  process.  The  T-shaped  and  the 
horseshoe-shaped  incisions  of  the  earlier  operators  have  not 
survived  the  test  of  time,  and  the  same  may  be  said  of  the 
excisions  carried  out  through  flaps  of  various  sizes  and 
shapes,  which  Avere  placed,  for  the  most  part,  over  the  great 
trochanter.  Such  flaps  were  executed  by  Lisfranc,  Sedillot, 
Percy,  Roux,  and  others,  but  they  involved  a  quite  unneces- 
sary amount  of  injury  to  the  soft  parts. 

After-treatment. — Dry  dressings  should  be  employed, 
and  if  primary  healing  is  aimed  at,  a  fair  degree  of  pressure 
should  be  brought  to  bear  upon  the  part.  A  dressing  of 
sponges  dusted  with  iodoform,  and  secured  in  position 
by  a  firm  bandage  over  a  layer  of  cotton-wool,  may  be 
recommended.  A  useful  method  of  dressing  is  described  in 
the  account  of  Barker's  operation  (page  705). 

The  limb  must  be  kept  at  perfect  rest,  and  in  the  position 
of  extension.  The  sawn  end  of  the  femur  should  not  be 
allowed  to  remain  in  actual  contact  with  the  acetabulum. 

Of  the  many  splints  advised,  the  most  convenient  are 
either  a  double  Thomas's  splint,  or  a  so-called  box-splint. 
These  splints  are  especially  suited  for  cases  in  which  the 
anterior  incision  has  been  made. 

T  T  2 
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The  child  is  held  firmly,  and  can  be  lifted  up  and  turned 
over  without  any  movement  being  produced  at  the  hip-joint. 
These  cases  require  much  care  in  the  nursing.  The  average 
period  involved  in  the  after-treatment  will  probably  be  not 
much  less  than  six  months  in  any  case  in  which  the  disease 
'was  advanced  at  the  time  of  - the  operation. 

Results. — The  mortality  after  excision  of  the  hip  was,  before 
'the  days  of  antiseptics,  very  high.  Culbertson  gives  the 
mortality  after  operations  for  disease  as  451  per  cent.  The 
mortality  of  the  ojjeration  at-  the  present  day  is,  in  properly 
selected  cases,  no  higher  probably  than  5  per  cent.  Mr. 
Wright  has  given  a  list  of  over  one  hundred  cases  of 
excision,  with  only  three  deaths  that  may  be  ascribed  to 
the  actual  operation. 

The  functional  result  after  a  successful  excision  is  usually 
satisfactory.  Anchylosis  very  seldom  follows.  The  limb  is 
frequently  atrophied,  and  some  shortening  is  inevitable.  Sir 
William  MacCormac  estimates  that  about  half  of  the  successful 
cases  can  walk  without  the  assistance  of  a  stick,  while  the 
other  half  require  one. 

A  flail-like  condition  of  the  limb,  with,  perhaps,  a  marked 
degree  of  shortening,  will  depend  either  upon  the  removal  of 
an  exceptionally  large  amount  of  bone,  or  upon  allowing  the 
patient  to  move  the  limb  and  bear  weight  upon  it  too  early. 

It  must  be  acknowledged  that,  taking  a  large  number  of 
average  cases,  the  results  which  follow  the  treatment  by  rest 
are  superior  in  all  respects  to  such  as  follow  the  treatment  by 
excision. 
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CHAPTER  XX. 

Arthrectomy  or  Erasion  of  a  Joint. 

This  operation,  although  it  is  distinct  from  excision,  may 
most  conveniently  be  considered  here. 

It  consists  in  fnlly  exposing  the  interior  of  the  joint,  and 
in  removing  the  whole  of  the  diseased  synovial  membrane 
and  ligamentous  tissue,  together  with  such  patches  of  cartilage 
or  bone  as  may  be  the  seat  of  quite  limited  disease. 

This  removal  is  accomplished  by  means  of  the  scalpel,  the 
scissors,  the  sharp  spoon,  the  gouge,  and,  if  need  be,  the  actual 
cautery.  The  measure  aims  at  removing  all  the  diseased 
tissue,  and  diseased  tissue  only. 

In  principle  it  represents  the  application  to  the  interior  of 
the  joint  of  a  method  of  dealing  with  certain  morbid  condi- 
tions, known  as  the  method  by  scraping,  which  has  been 
developed  within  the  last  few  years,  and  which  the  introduc- 
tion of  antiseptic  measures  has  allowed  to  be  appHed  to  ex- 
tensive and  important  districts. 

The  method  is  in  reality  a  by  no  means  modem  procedure 
revived  and  improved.  The  operation  of  arthrectomy,  as  it 
is  now  known,  would  appear  to  have  been  of  gradual  and 
almost  unconscious  development.  Surgeons  began  cautiously  to 
apply  to  chronically-inflamed  joints,  and,  perhaps,  first  of  all 
to  the  sinuses  about  them,  a  method  of  treatment  they  had 
already  found  successful  in  like  conditions  elsewhere. 

Mr.  Herbert  Page  has  given  a  brief  account  of  the  origin 
of  excision  of  the  knee  and  of  arthrectomy  {Lancet,  Nov.  17, 
1888). 

It  would  appear  that  in  1881  Mr.  Cross,  of  Bristol,  advised 
the  carrying  out  of  the  measiu-e  now  known  as  arthrectomy, 
and  he  gave  then  an  illustrative  case. 

Since  that  time  the  procedure  has  rapidly  developed. 

To  Mr.  G.  A.  Wright  is  due  the  credit  of  being  among  the 
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first  to  publish  any  detailed  account  of  the  procedure.  He 
has,  moreover,  done  much  to  elaborate  and  perfect  the  opera- 
tion, to  give  it  a  definite  position  among  surgical  methods, 
and  to  establish  its  value  and  its  application  as  a  mode  of 
treatment. 

His  first  case  was  published  in  the  Lancet  for  1881.  A 
fuller  communication  was  made  before  the  British  Medical 
Association  in  1883,  and  in  1885  a  series  of  sixteen  cases  was 
published  in  the  Medical  Chronicle. 

The  operation  is  chiefly,  if  not  entirely,  applicable  to  the 
knee-joint.  It  has  been  carried  out  in  the  elbow  and  ankle, 
but,  as  Mr.  Wright  observes  {Lancet,  1888),  "  in  joints  with 
complex  bony  surfaces,  and  in  joints  where  free  mobility  is  an 
important  element,  also  in  joints  where  the  primary  and  main 
lesion  is  bony,  the  operation  can  never  have  any  great  measure 
of  success." 

Briins'  method  of  performing  arthrectomy  of  the  ankle  is 
described  at  the  end  of  this  chapter. 

Arthrectomy  forms  an  essential  part  of  all  excisions  for 
chronic  joint-disease,  it  being  necessary  that  all  traces  of 
tubercular  tissue  should  be  removed  by  scraping  or  dissection 
after  the  articular  parts  of  the  bones  have  been  sawn  off. 

The  measure  may  be  regarded  as  a  conservative  one,  and 
is  applicable  to  relatively  early  cases.  It  is  distinctly  un- 
suited  for  examples  of  advanced  disease,  except  as  an  accessory 
measure.  It  is  not  adapted  for  cases  attended  by  much  sup- 
puration.   It  is  especially  applicable  to  children. 

Instruments  Required. — Excision  knife ;  scalpels ;  scissors, 
both  straight  and  curved  on. the  flat ;  sharp  spoons  of  various 
sizes  and  shapes ;  gouges  ;  toothed  forceps ;  dissecting  and 
artery  forceps  ;  pressure  forceps ;  probe ;  retractors. 

The  Operation  {as  applied  to  the  knee-joint). — An  Esmarch's 
band  is  not  required,  nor  is  any  form  of  tourniquet  needed. 

The  patient  lies  upon  the  back,  with  the  knee  a  little 
flexed,  and  the  sole  of  the  foot  resting  flat  upon  the  table. 

The  surgeon  stands  to  the  outer  side  of  the  limb,  or  he 
may  find  it  convenient  to  place  himself  upon  the  right  side  in 
the  case  of  either  limb.    An  assistant  placed  at  the  end  of  the 
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table,  and  another  opposite  to  the  surgeon,  hold  the  limb 
securely.  A  third  helper  by  the  surgeon's  side  attends  to  the 
sponging,  etc. 

A  curved  transverse  incision  is  made  across  the  front  of 
the  Imee-joint,  as  in  performing  excision  (page  684).  The 
incision  may  be  commenced  at  the  posterior  part  of  one  con- 
dyle of  the  femur,  be  carried  across  the  front  of  the  limb 
over  the  middle  of  the  patellar  ligament,  and  end  at  the 
posterior  part  of  the  other  condyle. 

The  patellar  ligament  is  divided,  the  joint  fully  opened, 
and  the  skin  flap  with  the  patella  turned  up  upon  the  thigh. 

The  knee  is  now  flexed  at  a  right  angle,  and  the  interior  of 
the  joint  well  exposed. 

The  surgeon  then  proceeds  to  remove  all  the  diseased 
synovial  membrane,  and  such  of  the  extra-synovial  tissue  as 
is  also  involved.  The  latter  would  include  all  softened  liga- 
mentous tissue.  As  much  as  possible  should  be  removed  in  a 
continuous  layer  by  means  of  the  scalpel  and  forceps,  or  the 
scissors  and  forceps.  The  semilunar  cartilages  are  removed, 
and  probably  both  lateral  ligaments. 

The  crucial  ligaments  should  be  spared  whenever  possible- 
They  must  be  stripped,  however,  of  every  trace  of  diseased 
membrane,  must  be  most  carefully  inspected,  and  subjected 
to  a  vigorous  scraping  over  all  suspicions  parts. 

The  articular  surface  of  the  posterior  ligament  must  be 
exposed,  and  also  freed  of  all  degenerate  and  pulpy  tissue. 

This  ligament  should  not  be  divided,  nor  should  any  open- 
ing, if  possible,  be  made  into  the  popliteal  space. 

When  the  inter-articular  district  has  been  completed,  and 
the  work  of  the  scalpel  or  scissors  followed  up  by  the  sharp 
spoon,  until  no  trace  of  disease  has  been  left  behind,  the 
surgeon  turns  to  the  anterior  flap. 

All  the  synovial  membrane  which  covers  this  flap  should 
be  dissected  off,  the  subcniral  bursa  must  be  fully  opened  up, 
and  its  lining  membrane  treated  in  the  same  way.  Every 
nook  and  cranny  must  be  patiently  explored,  and  every 
fragment  of  tubercular  tissue  removed.  The  complete  re- 
moval of  every  scrap  of  diseased  tissue  from  the  subcrural 
bursa  is  very  important. 

Here  again,  also,  the  erasion  must  be  completed  with  the 
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sharp  spoon,  and  every  neglected  point  and  corner  subjected 
to  a  careful  and  complete  scraping. 

Finally,  the  cartilages  and  bones  must  be  well  examined. 
Patches  of  softened  or  eroded  cartilage  may  be  sliced  off,  and 
points  of  caries  in  the  bones  freely  removed  with  the  gouge. 

The  bleeding  is  arrested  by  the  pressure  of  a  sponge, 
which  is  maintained  as  long  as  possible,  and  by  means  of 
pressure  forceps.    Ligatures  are  but  seldom  required. 

The  articulation  is  then  well  washed  out  with  some  anti- 
septic solution  (e.g.,  carbolic  solution,  1  in  40),  well  sponged, 
and  dried. 

The  limb  is  placed  upon  the  splint  prepared  for  it,  and  the 
patellar  ligament  having  been  united  by  many  points  of 
chromicised  catgut  the  wound  is  closed  with  silkworm  gut. 

Drainage-tubes  should  be  avoided  Avhenever  possible,  and 
in  a  large  percentage  of  the  cases  they  can  be  dispensed  with, 
provided  that  the  margins  of  the  wound  are  not  too  closely 
approximated. 

If  drains  be  considered  necessary,  one  should  be  inserted 
into  the  posterior  angle  of  the  wound  on  each  side. 

The  tubes  should  be  removed  within  forty-eight  hours. 
The  best  dressing  is  formed  of  sponges  dusted  with  iodoform. 
A  layer  of  cotton-wool  and  gauze  may  cover  the  sponges,  and 
then  the  whole  dressing  is  secured  with  a  tightly-drawn  flannel 
bandage,  so  that  good  pressure  may  be  brought  to  bear  upon 
the  part. 

Mr.  Barker's  method  of  removing  diseased  tissue  in  chronic 
joint  affections  by  means  of  his  flushing-gouge  is  described  in 
connection  with  excision  of  the  hip  (page  704). 

The  Operation  (as  applied  to  the  ankle). — The  method  of 
Briins  is  the  best,  and  is  described  in  the  Munchener  Med. 
Wochenschrift  No.  24,  1891 

Two  vertical  incisions  are  made  in  front  of  the  ankle,  each 
commencing  about  4  cm.  above  the  line  of  the  joint  and 
carried  down  in  front  of  the  corresponding  malleolus  to  the 
level  of  the  medio-tarsal  joint.  Through  these  incisions  the 
anterior  part  of  the  ankle  joint  is  dealt  with. 

Two  posterior  vertical  incisions  are  then  made,  one  on 
each  side  of  the  tendo  Achillis,  and  through  these  the  hinder 
part  of  the  articulation  is  treated. 
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Comment. — The  removal  of  the  diseased  tissue  must  be 
precise  and  complete.  The  operator  must  be  able  to  recognise 
healthy  tissue  from  that  implicated  by  the  disease,  and 
success  is  never  encouraged  by  violent  and  indiscriminate 
scraping. 

In  orouarins'  bone  it  must  be  remembered  that  all  softened 

O       O  o 

bone  is  not  necessarily  carious,  and  that  simply  because  a 
district  of  cancellous  bone  yields  to  the  gouge  it  must  not  be 
assumed  that  it  is  hopelessly  diseased. 

The  use  of  the  actual  cautery  should  be  avoided.  It  inter- 
feres with  primary  healing. 

It  is  important  that  the  crucial  ligaments  be  preserved. 

The  practice  of  making  a  hole  through  the  posterior 
ligament,  and  of  introducing  a  drainage-tube  which  traverses 
the  popliteal  space  and  escapes  by  the  skin  of  the  ham,  is  to 
be  condemned. 

If  the  wound  be  carried  far  enough  back,  drainage  by  two 
lateral  tubes  will  be  found  to  be  ample. 

After-treatment.  —  This  closely  follows  the  treatment 
observed  after  excision  of  the  knee. 

The  limb  should  be  supported  by  a  back  splint,  which  ex- 
tends from  the  fold  of  the  nates  to  beyond  the  heel,  and 
terminates  in  a  rectangular  foot-piece. 

Such  an  apparatus  may  be  supplemented  by  a  side  splint 
if  needed.    The  hmb  should  be  raised. 

Dry  and  infrequent  dressmgs  are  to  be  recommended. 

As  soon  as  the  wound  has  soundly  healed,  a  Thomas's  splint 
may  be  applied,  and  the  patient  be  allowed  to  go  about  with 
the  aid  of  crutches  and  a  patten. 

A  rigid  apparatus  must  be  kept  applied  to  the  limb  for  a 
considerable  time  after  all  appears  sound  and  well.  "  As  in 
excision,  flexion  will  occur  unless  the  hmb  is  kept  fixed  for 
from  two  to  three  years  at  least."  Thus  wites  Mr.  Wright 
in  1888. 

Results. — "  The  results,"  says  Mr.  Wright,  "  in  successful 
cases  are  better  than  those  of  excision,  in  that  there  is  no 
shortening  whatever,  either  immediate  or  as  growth  goes  on, 
while  the  results  in  other  respects  are  like  those  of  excision, 
for  a  firm,  stiff"  straight  limb  is  obtained.    Mobility,  though 
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possible,  is  not  to  be  counted  upon,  .  .  .  Cases  of  both 
erasion  and  excision  require  long  watching,  to  prevent  dis- 
tortion, and  there  is  little  difference  betAveen  the  two  in  this 
respect." 

The  recovery  is  on  the  whole  quicker,  less  painful,  and 
less  troublesome. 

The  risk  to  life  involved  by  the  operation  is  very  small 
indeed.  Testimony  to  the  admirable  results  obtained  by  this 
operation  has  now  been  afforded  by  many  surgeons,  and  its 
position  may  be  considered  to  be  firridy  established. 
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CHAPTER  XXI. 

Excision  of  the  Upper  Jaw, 

This  operation  is  considered  to  refer  usually  to  the  removal 
of  the  superior  maxillary  bone  of  one  side,  but  to  include  also 
the  rarer  operation  in  which  both  bones — and  therefore  the 
whole  of  the  upper  jaw — are  excised  at  one  sitting. 

The  operation  has  been  performed  for  the  rehef  of  several 
conditions,  but  is  at  the  present  day  almost  limited  to  the 
treatment  of  malignant  growths  (epithelioma  and  sarcoma) 
which  involve  the  upper  maxilla. 

The  operations  for  the  removal  of  innocent  tumours  are 
for  the  most  part  partial,  and,  indeed,  the  conditions  must  be 
very  exceptional  in  which  the  excision  of  the  entire  bone  on 
one  side  would  be  called  for  in  dealing  with  an  innocent 
growth. 

Partial  excisions,  and  the  so-called  osteo-plastic  or  tem- 
porary excision,  are  dealt  with  on  page  725  et  seq.,  and  in  the 
subsequent  chapter  (page  729). 

The  value  of  the  usual  operation — viz.,  the  removal  of  one 
superior  maxilla  for  malignant  disease — is  a  matter  of  question. 
Mr.  Butlin  is  of  opinion  that,  "  unless  there  is  a  reasonable 
hope  that  better  results  will  be  procured  in  future,  the 
operation  must  be  condemned."  The  subject  is  further 
alluded  to  in  the  section  on  "  Results." 

The  operation  was  originally  proposed  by  Lizars  in  1826 
("A  System  of  Anatom.  Plates,"  part  ix.,  Edin.,  1826),  but 
was  first  carried  out  (independently  of  Lizars'  suggestion)  by 
Gensoul  in  1827  (Lettre  Chirurgicale,  etc.,  Paris,  1833). 

On  many  occasions  previous  to  these  dates  portions  of  the 
upper  jaw  had  been  removed,  or  the  contents  of  the  antrum 
evacuated.  The  excision  of  both  superior  maxillary  bones  at 
one  sitting  appears  to  have  been  first  accomplished  by 
Heyfeldcr  in  1844. 
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Anatomical  Points.— The  details  of  the  anatomy  of  the 
superior  maxillary  bone  must  be  borne  in  mind  as  well  as  its 
relations  to  surrounding  parts.  The  bone  forms  the  largest 
part  of  the  face,  of  the  outer  wall  of  the  nose,  of  the  roof  of  the 
mouth,  and  of  the  floor  of  the  orbit.  The  bone  as  a  whole  is 
thin  and  shell-like,  its  most  substantial  part  being  the  malar 
process.  It  articulates  with  nine  bones,  and  no  less  than  nine 
muscles  are  attached  to  it. 

The  bony  connections  to  be  dealt  with  in  the  operation  -are 
the  following  :—(l)  The  connection  with  the  malar  bone  at 
the  outer  side  of  the  orbit ;  (2)  the  connection  of  the  nasal 
process  with  the  frontal,  nasal,  and  lachrymal  bones ;  (3)  the 
connections  of  the  orbital  plate  with  the  ethmoid  and  palate  ; 
(4)  the  connection  with  the  opposite  bone,  and  with  the 
palate  in  the  roof  of  the  mouth;  and  (5)  the  connection 
behind  with  the  palate  bone  and  the  fibrous  attachments  to 
the  pterygoid  processes. 

In  excising  the  bone  in  the  living  subject,  the  upper  part 
of  the  nasal  process  is  usually  left  behind,  the  malar  bone  is 
divided,  and  a  portion  of  it  removed  with  the  maxilla.  The 
inferior  turbinated  bone  is  of  course  included  in  the  parts 
excised,  and  also  the  whole  or  the  greater  part  of  the  palate 
bone. 

In  cutting  through  the  nasal  process  the  lachrymal  sac 
will  be  damaged,  and  the  nasal  duct  cut  across. 

The  attachments  of  the  soft  palate  to  the  palate  bone 
must  be  severed. 

The  blood-vessels  which  are  concerned  in  the  operation  are 
certain  branches  of  the  facial  artery,  the  infraorbital  artery, 
the  alveolar  branch  of  the  internal  maxillary,  the  descending 
palatine,  pterygo-palatine,  and  spheno-palatine  arteries,  and  the 
deep  facial  vein. 

All  these  vessels  are,  under  normal  conditions,  small. 

Instruments  Required: — Gag;  tracheotomy  tube;  scalpels; 
tooth  forceps  ;  bone-cutting  forceps  of  various  patterns  ; 
sequestrum  forceps  ;  lion  forceps  ;  volsella  ;  metacarpal  saw  ; 
chisel  and  mallet ;  rugine  ;  periosteal  elevator  ;  strong  scissors, 
both  straight  and  curved  on  the  flat ;  dissecting,  artery,  and 
pressure  forceps ;  Paquelin's  cautery ;  harelip  pins,  needles, 
sutures,  etc. ;  sponge-holders. 
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Preliminary  Measures. — During  the  performance  of 
the  operation  considerable  danger  may  be  incurred  from 
hajmorrhage.  Not  only  may  the  bleeding  be  copious  in 
amount,  but  the  blood  may  readily  find  its  way  into  the  air- 
passages. 

Various  measures  have  been  adopted  to  meet  this  com- 
plication. Lizars  in  his  first  operation  ligatured  the  internal 
maxiUary  and  temporal  arteries  as  a  preliminary  step.  In 
his.  second  case  he  secured  the  external  carotid.  With  a 
like  object  in  view,  a  ligature  of  the  common  carotid  has  been 
both  advised  and  carried  out. 

Professor  Kose  advises  that  the  head  be  so  far  thrown  back 
that  the  vertex  looks  towards  the  ground,  and  points  out  that 
in  that  attitude  the  blood  can  only  occupy  the  upper  part  of 
the  pharynx,  and  must  escape  through  the  wound  and  the 
nose. 

The  position,  however,  is  most  inconvenient  to  the  surgeon, 
it  does  not  prove  so  efficacious  as  it  may  appear,  and  it  leads 
to  considerable  venous  congestion  of  the  head  and  face. 

Some  operators  make  a  practice  of  performing  tracheotomy, 
and  of  then  plugging  the  larynx  with  a  piece  of  fine  Turkey 
sponge  to  which  a  tape  is  attached  ;  or  they  make  use  of 
Trendelenburg's  tracheal  tampon- cannula. 

In  connection  with  this  matter  I  would  say  that  the 
preliminary  ligature  of  a  main  artery  is  not  a  necessary  or 
desirable  proceeding.  Should,  however,  the  tumour  be 
exceedingly  vascular,  e.g.,  suppose  it  to  be  an  extensive 
angeioma,  a  temporary  loop  may  be  placed  around  the 
external  carotid  artery.  This  loop  could  be  drawn  upon 
during  the  operation,  and  removed  when  the  bleeding  had 
been  dealt  with. 

I  have  used  Trendelenburg's  cannula  in  many  operations 
within  the  mouth,  and  have  found  it  always  to  efiect  its 
purpose.  Care  should  be  taken  to  test  the  instrument  before 
it  is  employed.  The  thin  india-rubber  tissue  which  forms  the 
tampon  soon  perishes,  and  should  be  replaced  every  time  the 
instrument  is  used.  Even  if  this  cannula  be  employed,  it  is 
necessary  to  place  a  sponge  over  the  larynx,  as  a  considerable 
clot  may  form  in  the  lar3mgeal  cavity  above  the  tampon.  It 
may  be  here  observed  that  if  the  cannula  be  retained  for 
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some  time  after  the  operation,  as  a  precaution  in  the  event 
of  secondary  bleeding  occurring,  it  will  probably  be  found  to 
be  no  longer  of  effect  in  plugging  the  trachea.  If  the  instru- 
ment be  retained,  the  india-rubber  tissue  is  very  apt  to 
become  disorganised ;  and  in  the  case  of  one  cannula  which 
had  been  retained  only  forty-eight  hours  I  found  the  tampon 
on  removal  to  be  represented  only  by  mere  shreds  of  india- 
rubber. 

The  question  of  a  suitable  tampon-cannula,  and  the  use  of 
Hahn's  cannula,  Avill  be  found  discussed  in  the  section  on  the 
plugging  of  the  trachea  "  as  a  preliminary  to  excision  of  the 
larynx  (vol.  ii.,  page  151). 

In  the  majority  of  cases,  neither  the  preliminary  ligature 
of  an  artery,  nor  a  preliminary  tracheotomy  is  necessary. 

If,  on  the  other  hand,  the  posterior  nares  be  carefuUy 
plugged  before  the  operation,  if  the  division  of  the  palate  be 
left  to  the  last,  if  the  latter  stages  of  the  operation  be  rapidly 
executed,  and  if  an  assistant  is  very  ready  with  pressure 
forceps  and  sponges,  it  will  usually  be  found  that  the  bleed- 
ing can  be  efficiently  dealt  with. 

It  is  needless  to  point  out  that  a  tracheotomy,  or  a  wound 
to  expose  the  carotid  artery,  adds  another  danger  to  a  pro- 
ceeding already  formidable  enough. 

COMPLETE  OPERATIONS. 

The  many  different  methods  described  for  excising  this 
bone  are  distinguished  from  one  another  by  little  else  than 
the  disposition  of  the  skin  incision. 

The  following  operations  will  be  described.  The  first 
represents  what  may  be  conveniently  called  the  median 
incision,  the  second  represents  the  cheek  incision,  and  the 
third  the  method  of  exposing  the  jaw  through  a  flap : — 

1.  The  operation  by  a  median  mcision. 

2.  Velpeau's  operation. 

3.  Langenbeck's  operation. 

4.  Other  methods. 

1.  The  Operation  by  a  Median  Incision. 
This  procedure  forms  without  doubt  the  best  measure  for 
excising  the  superior  maxilla. 

The  operation  is  known  in  most  French  text-books  as 
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NeLaton's  or  Liston's  operation,  and  in  most  English  books  as 
Fergusson's  operation. 

The  exact  methods  carried  out  by  Listen  and  Fergusson 
are  alluded  to  in  a  later  section.  The  present  operation  would 
appear  to  have  originated  with  Blandin  ("  Anat.  Topograph.," 
1834,  page  122). 

The  patient  lies  upon  the  back,  with  the  head  and 
shoulders  well  raised.  The  face,  if  the  patient  be  a  male, 
should  have  been  already  shaved.  The  head  is  turned  to  the 
sound  side. 

The  surgeon  stands  on  the  patient's  right-hand  side  in 
dealing  with  either  side  of  the  jaw.  The  chief  assistant 
should  take  his  place  opposite  to  him.  Another  assistant 
may  stand  by  the  surgeon's  side.  The  posterior  nares  are 
well  plugged. 

1.  The  incision  is  commenced  at  a  point  half  an  inch 
below  the  inner  canthus,  is  carried  down  by  the  side  of  the 
nose — where  the  nose  joins  the  face — follows  the  gi'oove  which 
limits  the  ala  nasi,  and,  skirting  the  nostril,  reaches  the  median 
line  of  the  lip. 

While  this  cut  is  being  made,  an  assistant  may  compress 
the  facial  artery. 

When  the  lip  is  reached,  the  chief  assistant  grasps  each 
extremity  of  the  lip  (at  either  angle  of  the  mouth)  between 
the  finger  and  thumb,  so  as  to  compress  the  coronary  arteries. 
The  incision  is  then  carried  through  the  median  line  of  the 
upper  lip  into  the  mouth  (Fig.  213,  a). 

The  superior  coronary  arteries  are  at  once  seized  and 
secured. 

While  dealing  with  the  lip  the  upper  part  of  the  wound  is 
being  compressed  by  a  sponge. 

In  this  stage  of  the  operation  the  following  vessels  are 
divided : — The  angular  artery  and  the  large  angular  vein,  the 
lateralis  nasi  artery,  the  superior  coronary,  the  artery  to  the 
nasal  septum,  and  some  trifling  branches  of  the  infraorbital. 

2.  A  second  incision  is  now  carried  alonsr  the  lower 
margin  of  the  orbit.  At  its  commencement  it  starts  from  the 
point  of  the  first  incision,  and  ends  over  the  malar  bone 
(Fig.  218,  a). 

3.  The  cheek  flap  thus  marked  out  is  noAV  rapidly  raised 
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from  the  bone,  and  should  contain  all  the  soft  parts  down  to 
the  maxilla.  No  attempt  should  be  made  to  save  the 
periosteum.  In  dissecting  up  this  flap  the  infraorbital  artery 
is  divided.  Care  should  be  taken  that  no  blood  runs  into  the 
mouth,  and  an  assistant  should  follow  the  flap  with  a  sponge. 

Throughout  the  operation  sponge  pressure  is  the  main 
means  of  checking  hemorrhage. 

4.  The  operator  should  now  separate  the  nasal  cartilages 
from  the  bone,  and  should  then  divide  the  nasal  process. 
This  may  be  done  with  a  fine  saw  or  a  chisel  (Fig.  215,  a). 
He  should  next  proceed  to  divide  the  periosteum  along  the 
lower  edge  of  the  orbit.  With  the  elevator  the  periosteum  of 
the  floor  of  the  orbit  is  carefully  raised,  and  in  eflecting  this 
the  origin  of  the  inferior  oblique  muscle  is  separated. 

With  a  fine  chisel  the  orbital  plate  may  be  divided  as  far 
within  the  orbit  as  is  necessary.  The  chisel-cut  will  com- 
mence at  the  point  at  which  the  nasal  process  of  the  maxilla 
has  been  divided,  and  will  end  at  the  spheno-maxillary  fissure 
(Fig.  215).  If  it  be  considered  necessary  to  take  away  the 
Avhole  of  the  orbital  plate  of  the  maxilla,  then  a  chisel-cut 
can  scarcely  avail,  and  the  bone  must  be  wrenched  away  from 
its  attachments  in  the  final  act  of  removal. 

The  last  step  of  this  stage  of  the  operation  is  to  divide  the 
malar  bone.  This  may  be  done  with  a  chisel  or  a  small 
saw.  The  malar  bone  is  divided  obliquely  (from  above  down- 
wards and  outwards)  at  a  point  about  the  centre  of  the  bone, 
and  the  saw  or  chisel  is  so  applied  that  the  section  will  extend 
into  the  spheno-maxillary  fissure,  the  exact  site  of  Avhich 
should  have  been  previously  defined  (Fig.  215,  b). 

5.  The  palate  part  of  the  bone  alone  remains  with  its 
connections  undisturbed.  The  mouth  having  been  well 
opened,  the  central  incisor  tooth  on  the  diseased  side  is  re- 
moved, the  muco-periosteal  covering  of  the  hard  palate  is 
divided  in  the  median  line,  and  a  knife  is  drawn  along  the 
floor  of  the  nose  from  before  backwards,  and  as  near  as 
possible  to  the  septum.  By  means  of  a  transverse  incision 
made  through  the  mouth,  the  soft  palate  is  loosely  separated 
from  the  hard. 

A  key-hole  saw  is  now  introduced  through  the  nose,  and 
the  bony  palate  divided  as  near  to  the  .  median  line  as  is 
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possible  (Fig.  215,  c).  This  step  of  the  operation  should  be 
rapidly  performed,  as  there  is  often  much  bleeding  from  the 
palatine  arteries,  Avhich  are  necessarily  divided. 

6.  The  surgeon  finally  grasjos  the  bone  with  lion  forceps, 
holding  the  instrument  with  its  blades  opened  vertically. 
One  blade  takes  hold  of  the  orbital  plate,  and  the  other  of  the 
alveolus.  The  maxilla  is  then  wrenched  from  its  few  remain- 
ing attachments.  These  Avill,  in  part,  concern  the  orbital  plate, 
and  in  part  the  attachment  existing  between  the  maxilla 
and  the  pterygoid  process.  The  separation  of  the  bone  from 
the  last-named  process  may 

be  aided  by  bone-cutting 
forceps  bent  at  an  angle, 
and  introduced  behind  the 
maxillary  tuberosity. 

Care  must  be  taken  at 
this  stage  that  the  soft 
palate  is  freed  completely 
from  its  connections  with 
the  hard. 

Without  bringing  much 
force  to  bear  upon  the  for- 
ceps the  bone  is  finally 
removed. 

7.  Any  bleeding  from 
the  depths  of  the  cavity 
should  now  be  checked  so 
far  as  is  possible. 

It  will  usually  be  desir- 
able to  plug  the  cavity 
Avith  gauze.  Carbolised 
iodoform,  or  alembroth 
gauze  may  be  employed.  The  amount  introduced  nmst  be 
noted,  and  the  ends  of  the  strips  so  placed  that  they  can  be 
readily  reached  from  the  mouth. 

A  silk  thread  may  be  attached  to  the  end  of  each  strip, 
and^  brought  out  of  the  mouth  and  fastened  to  the  cheek. 

The  actual  cautery  may  sometimes  be  used  Avith  good 
effect  to  check  the  htemorrhage. 

The  skin  Avound  is  finally  united  very  carefully  Avith 


Fig.  213. — EXCISION  OF  THE  TJPPEB  JAW. 

A,  By  a  median  incision  ;  B,  By  Velpeaii's 
method  ;  c,  Excision  of  the  lower  jaw. 
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silkworm-gut  sutures,  esi^ecial  care  being  taken  to  accu- 
rately adjust  the  red  margin  of  tlie  lip.  No  harelip  pins  are 
necessarj^  in  any  ordinary  case. 

The  wound  is  finally  well  dusted  A\^ith  iodoform,  and 
dressed  with  a  sponge  held  in  place  by  a  flannel  bandage. 

Comment. — This  operation  has  the  following  great  advan- 
tages : — The  bone  is  well  exposed,  and  plenty  of  room  is  pro- 
vided for  its  excision,  the  vessels  and  nerves  are  cut  at  a 
distance  from  their  trunks,  the  salivary  duct  is  not  interfered 
with,  and  the  scar  is  so  placed  as  to  produce  but  little 
deformity.  The  operation,  moreover,  allows  of  easy  control 
of  the  haemorrhage. 

In  the  matter  of  the  resulting  deformity  Mr.  Butlin 
observes  ("  Operative  Surgery  of  Malignant  Disease,"  1887, 
page  128): — "When  the  lower  margin  of  the  orbit  has  been 
removed,  the  lower  eyelid  often  swells,  becomes  red  and 
oedematous,  and  may  remain  so  in  spite  of  every  means  taken 
to  relieve  it.  The  disfigurement  produced  by  this  cause  is 
very  marked." 

If  the  posterior  nares  be  plugged,  and  if  the  steps  of  the 
operation  be  followed  in  the  order  given,  no  blood  should  find 
its  way  into  the  mouth  until  the  last  stages  of  the  excision  are 
reached.  Farabeuf  does  not  divide  the  lip  until  towards  the 
last.  His  first  incision  ends  at  the  ala  of  the  nostril.  The 
nasal,  orbital,  and  malar  parts  of  the  bone  are  separated. 
The  cut  is  finally  carried  through  the  lip,  and  the  palate 
segment  of  the  bone  dealt  Avith. 

In  many  text-books  the  removal  of  the  mcisor  tooth  is 
one  of  the  first  steps  of  the  operation.  This  is  not  necessary, 
and  blood  from  the  socket  of  the  tooth,  running  into  the 
mouth,  may  add  a  needless  complication  to  the  procedure. 

The  excision  should  be  carried  out  rapidly,  but  without 
hasie,  and  above  all  without  violence. 

The  connections  of  the  bone  must  be  well  freed  before  an 
attempt  should  be  made  to  wrench  it  away. 

Carefully-applied  pressure  with  fine  Turkey  sponge  afltbrds 
the  best  means  throughout  the  operation  of  dealing  with 
haemorrhage. 

It  is  useless  to  make  any  attempt  to  save  the  muco- 
periosteal  covering  of  the  hard  palate. 
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French  surgeons  usually  employ  a  chain-saw  to  divide  the 
malar  bone.  The  saw  is  conducted  into  position  by  means  of 
a  curved  needle,  which  is  passed  through  the  spheno-maxillary 
fissure. 

It  not  infrequently  happens  that  the  bone  breaks  up 
during  removal,  and  has  then  to  be  taken  away  in  fragments. 

After  the  removal  of  the  maxilla  the  cavity  should  be  ex- 
amined for  any  traces  of  the  growth.  It  is  apt  to  spread  to 
the  pterygoid  plates,  which  need  very  careful  inspection. 

2.  Velpeau's  Operation. 

In  this  operation  the  incision  is  commenced  at  the  angle 
of  the  mouth,  and  is  carried,  in  a  curved  direction,  through 
the  cheek  to  end  over  the  centre  of  the  malar  bone  (Fig.  213,  b). 
The  incision  is  carried  directly  into  the  mouth,  and  the  flap 
thus  formed  is  turned  inwards. 

The  operation  is  completed  precisely  in  the  manner  already 
described. 

Comment. — This  incision  is  a  modification  of  that  originally 
proposed  by  Lizars. 

Compared  with  the  previous  operation  it  has  these  dis- 
advantages : — The  bone  is  not  so  readily  exposed,  and  there  is 
greater  difficulty  in  dealing  with  its  orbital  and  nasal  portions. 
The  arteries  of  the  face  are  divided  nearer  to  the  trunk.  The 
jDarotid  duct  is  wounded.    An  ugly  scar  results. 

The  measure,  however,  is  of  value  in  cases  in  which  the 
cheek  is  to  a  small  extent  invaded,  and  in  which  it  is  possible 
that  the  involved  skin  can  be  removed  by  widenmg  the  cut 
at  the  necessary  spot. 

The  question,  however,  would  remain  as  to  whether  an 
operation  would  be  justifiable  in  such  a  case. 

This  procedure  was  followed  by  Warren,  Ballingall,  and 
others,  and  is  still  advised  by  OUier. 

3.  Langenbeck's  Operation. 

In  this  method  the  skin  incision  commences  at  the  side 
of  the  nose,  at  the  junction  of  the  nasal  cartilage  with  the 
nasal  bone.  It  then  passes  with  a  downward  convexity  to  the 
junction  of  the  upper  lip  with  the  cheek,  and  is  finally  carried 
upwards  and  outwards  to  end  over  the  middle  of  the  malar 
bone.   In  this  way  a  large  U  -shaped  flap  is  formed  (Fig.  214,  a). 

XT   TT  2 


724 


OPERATIVE  SURGERY. 


The  incision  is  carried  down  to  the  bone,  and  the  flap  reflected 
upwards  and  outwards.  The  operation  is  completed  in  the 
manner  already  described. 

Comment.— But  a  comparatively  small  space  is  afforded, 
by  this  method,  and  while  the  procedure  is  not  ill-adapted  for 

some  partial  operations,  it 


is  not  convenient  Avhen 
the  whole  bone  has  to  be 
removed. 

The  duct  of  the  paro- 
tid gland  is  cut,  and  many 
branches  of  the  facial 
nerve  are  divided. 

The  resulting  scar  is 
very  unsightly. 

The  advantages  claim- 
ed for  the  method  are  the 
following  :■ — -The  lip  is  not 
divided,  and  therefore  the 
form  of  the  mouth  is  pre- 
served. The  incision  may 
be  so  placed  that  the 
trunk  of  the  facial  artery 
is  avoided. 

4.  Other  Methods. 
Liston  made  use  of 
three  incisions.  (1)  A  cut 
from  the  external  angular  process  of  the  frontal  bone  through 
the  cheek  to  the  angle  of  the  mouth.  (2)  A  short  incision  along 
the  zygoma  to  meet  the  first  incision.  (3)  A  cut  along  the  side 
of  the  nose  and  through  the  centre  of  the  lip  {Lancet,  March, 
1836  ;  and  "Practical  Surgery,"  2nd  ed.,  1838,  page  279). 

Fergusson  made  the  same  naso-labial  incision  as  Liston, 
carrying  the  cut  up  to  within  half  an  inch  of  the  inner 
canthus.  He  made  a  second  incision  from  the  angle  of  the 
mouth  to  the  malar  bone,  and,  if  needed,  a  third  incision  at 
right  angles  to  the  outer  extremity  of  the  buccal  wound 
(Lancet,  March,  1842  ;  and  "  Practical  Surgery,"  2nd  ed.,  1846, 
page  550). 

GensouVs  incisions  were  remarlvablc.    One  was  carried 


Fig.  214. — EXCISION  OF  THE  upper  jaw. 

A,  By  Langenbeck's  method ;  B,  By  Gensoul's 
method. 
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vertically  downwards  from  the  level  of  the  inner  canthus  to 
divide  the  lip  oiDposite  to  the  bicuspid  tooth ;  a  second  cut 
started  at  riolit  auQ-les  to  the  first  at  the  level  of  the  floor  of 
the  nose ;  and  a  third  was  carried  upwards  in  front  of  the 
ear  to  the  external  angular  process  of  the  frontal  bone 
(Fig.  214,  B). 

Comment. — These  methods  are  enumerated  in  order  to 
make  clear  the  precise  oj)erations  adopted  by  surgeons  whose 
names  are  some- 
Avhat  loosely  em- 
ployed in  connec- 
tion with  excision 
of  the  jaw. 

Gensoul  was 
the  first  surgeon 
to  remove  the 
superior  maxilla. 

These  histori- 
cal operations 
have  all  been  re- 
placed by  more 
practical  meas- 
ures. 

PARTIAL  OPERA- 
TIONS. 

1.  The  alveolar 
part  of  the  bone 
and  the  palate 
process  may  be 
readily  removed 

through  the  rig.  21.5. — saw  incisions  in  the  maxillje. 


A,  B,  c,  Excision  of  upper  jaw ;  D,  Roeckel's  operation 
(nasal  ])olypus)  ;  E,  c,  Guerin's  operation  (partial  ex- 
cision) ;  F,  F,  Langenbeck's  operation  (nasal  polypus) ; 
G,  Excision  of  lower  jaw ;  h,  Removal  of  portion  of 
alveolus  ;  i,  Esmarcli's  operation  (anchylosis  of  jaw). 


the 

mouth  without 
making  any  inci- 
sion in  the  skin. 
The  upper  lip  is 
everted,  and  is  cither  held  up  by  suitable  forceps  or  drawn  up 
by  retractors.  The  tissues  of  the  cheek  can,  if  needed,  be 
separated  to  the  required  extent  from  the  bone  by  dividing  the 
mucous  membrane  along  the  line  at  which  it  is  reflected  from 
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the  cheek  to  the  mcaxilla.  The  division  of  the  bone  is  best 
accompUshed  by  a  chisel  and  mallet,  the  section  being  made 
horizontally.  If  the  reflection  of  the  soft  parts  be  carried  up 
to  the  level  of  the  floor  of  the  nares,  the  nasal  cavity  can  be 
readily  opened  up  from  the  mouth. 

The  broad  rectangular  retractor  used  in  certain  abdominal 
operations  is  very  useful  in  holding  up  the  tissues  of  the 
cheek. 

2.  If  it  be  considered  desirable  to  remove  all  that  portion 
of  the  superior  maxilla  which  lies  below  the  infraorbital 
foramen,  the  operation  introduced  by  Guerin  ("  Eleuients  de 
Chirur.  Operat,"  Gth  ed.,  1881,  page  2G7)  may  be  carried  out. 
This  procedure  was  modified  later  by  Maisonncuve,  and  is 
sometimes  known  as  ]\Iaisonneuve's  operation. 

An  incision,  with  the  convexity  outwards,  is  made  from 
the  ala  of  the  nose  to  the  angle  of  the  inouth,  and  is  so 
placed  as  to  follow  the  line  of  the  features  (Fig.  219,  b).  The 
soft  parts  are  dissected  up,  and  the  nostril  opened.  The  malar 
process  of  the  superior  maxilla  is  laid  bare.  A  narrow  saw  is 
now  introduced  into  the  nose,  and  is  made  to  saw  the  whole 
maxilla  in  a  horizontal  line.  The  saw-cut  passes  below  the 
infraorbital  canal  and  well  above  the  teeth,  and  escapes 
externally  through  the  maxillary  tuberosity  (Fig.  215,  e).  The 
next  step  is  to  detach  the  soft  palate  from  the  hard  through 
the  mouth,  by  means  of  a  transverse  incision  made  at  the 
level  of  the  last  molar  tooth.  A  middle  incisor  tooth  having 
been  removed,  the  hard  palate  is  divided  in  the  median  line 
by  a  narrow  saw  introduced  through  the  nose  (Fig.  215,  c).  The 
piece  of  bone  thus  isolated  is  then  loosened  by  an  elevator 
and  wrenched  out  with  the  lion  forceps.  Guerm  made  large 
use  of  cutting  forceps,  but  at  the  present  day  both  saw  and 
forceps  would  probably  be  replaced  by  the  chisel.  This 
operation  is  said  to  have  been  followed  by  excellent  results, 
and  to  have  led  to  but  little  deformity. 

3.  If  the  whole  of  the  maxilla  be  removed  with  the 
exception  of  the  orbital  plate,  the  median  incision  should  be 
employed,  with  the  omission  of  the  horizontal  suborbital  part 
of  the  cut.  The  nasal  process  of  the  maxilla  is  divided  close 
to  its  origin  from  the  main  bone.  A  horizontal  cut  is  made 
with  the  chisel  through  the  jaw  between  the  orbital  margin 
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and  the  infraorbital  foramen,"  and  the  malar  bone  is  divided 
obliquely  close  to  its  articulation  with  the  maxilla. 

4.  When  the  orbital  and  nasal  parts  of  the  upper  jaw  are 
involved,  and  the  lower  alveolar  portion  is  sound,  the  latter 
may  be  preserved  by  the  method  thus  described  by  Mr. 
•Tacobson : — "  A  cheek-flap  being  reflected  by  an  mcision 
through  the  lip  and  upwards  to  the  inner  canthus  along  the 
nose,  the  nasal  and  malar  processes  are  divided,  while  the  eye 
is  duly  protected.  A  horizontal  saw-cut  is  then  made  above 
the  alveolar  process,  outwards  from  the  nose,  and  another 
carried  upAvards  from  the  outer  end  of  this,  to  join  the  incision 
through  the  malar  process,  being  made  either  with  the  saw  or 
chisel.  The  piece  of  bone  thus  mapped  out  is  loosened  with 
a  chisel  or  elevator,  and  either  prised  out  with  the  latter 
instrument  or  wi'enched  downwards  and  outwards  with  the  lion 
forceps."    {See  "  The  Operations  of  Surgery,"  1889,  page  296.) 

THE  REMOVAL  OF  BOTH  SUPERIOR  MAXILLA. 

This  operation,  which  can  but  very  rarely  indeed  be 
justifiable  in  actual  practice,  may  be  carried  out  by  means  of 
the  median  incision  performed  upon  either  side  of  the  nose, 
just  as  in  removing  either  the  left  or  the  right  bone. 

The  steps  of  the  proceeding  are  similar  to  those  already  de- 
scribed, save  that  the  palate  process  is  now  divided  with  the  saw. 

THE  AFTER-TREATMENT. 

The  gauze  plug  employed  should  not  be  large  enough  to 
bulge  out  the  cheek  and  cause  a  strain  upon  the  sutures.  It 
should  be  removed  in  twenty-four  hours,  as  it  soon  becomes 
offensive  if  retained. 

Every  possible  care  should  be  taken  that  the  mouth  and 
the  wound  cavity  are  kept  clean. 

The  patient  should  be  raised  up  in  bed  by  means  of  a 
bed-rest,  so  as  to  facilitate  the  escape  of  discharges.  He  should 
rinse  out  the  mouth  very  frequently  ynXh  some  antiseptic 
solution.  Carbolic  acid  (1  in  60  or  80)  answers  admirably. 
Twice  or  three  times  a  day  also  the  cavity  should  be  well 
washed  out  with  a  like  solution  from  an  irrigator  provided 
with  a  wide-mouthed  nozzle. 

The  surface  wound  should  be  kept  dry,  and  dusted  Avith 
iodoform. 
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The  feeding  of  the  patient  ' is  a  matter  of  the  greatest 
importance.  .  He  may  be  fed  for  the  tirst  day  or  two  with  the 
cBSophageal  tube.    Through  this  tube,  milk,  beaten-up  eggs, 

beef-tea,  and  brandy  can  be 
administered  as  frequently 
as  desired. 

If  necessary,  this  mode 
of  taking  nourishment  ma}- 
be  supplemented  by  nutrient 
enemata. 

AVhen  the  patient  can 
swallow  food  without  assist- 
ance— and  he  may  be  able 
to  do  so  from  the  first — the 
mouth  nuist  be  Avashed  out 
after  each  time  food  is  taken. 

The    skin   wound  gen- 
erally  heals  well   enough,  _ 
Fig.  21G. -ASPECT  OF  PATiEXT  AFTEE  KE-    and,   If   uo  comphcatious 
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SIDES.  {After  Bnmn.)  arisc,  the  patient  may  be  up 

in  a  fortnight. 

When  the  wound  is  quite  sound,  the  question  of  fitting  an 
artificial  palate  or  tooth-plate  has  to  be  considered. 

Results. — Mr.  Butlin  has  very  fully  investigated  the  re- 
sults of  this  operation,  basing  his  conclusions  upon  the  study 
of  108  cases.  He  gives  the  immediate  mortality  of  the 
operation  as  30  per  cent.  The  causes  of  death — m  order 
of  frequency — are  exhaustion,  erj'-sipelas  or  pyaemia,  lung 
troubles,  meningitis. 

Most  of  the  operations  were  performed  for  malignant 
disease,  with  the  terrible  result  that  only  four  can  be  claimed 
to  have  been  successful — i.e.,  to  have  exhibited  no  return 
after  an  interval  of  three  years. 

Dr.  Joseph  Bryant  {Annals  of  Surgery,  May,  1890)  claims 
that  the  immediate  mortality  of  the  operation  is  only  14 
per  cent.  He  founds  this  statement  upon  an  anal3-sis  of 
230  cases,  but  the  observation  is  not  supported  with  sufiicient 
detail.  The  terrible  deformity  which  may  be  expected  to 
result  Avhen  both  bones  arc  removed  is  illustrated  by  the  case 
depicted  in  Fig.  216. 
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CHAPTER  XXII. 

Operations  upon  the  Upper  Jaw  in  connection  with 
THE  Treatment  of  Naso-Pharyngeal  Polypus. 

osteo-plastic  resection  of  the  upper  jaw. 

The  naso-pharyngeal  polyp,  with  which  these  operations 
are  concerned,  is  that  iibrous  or  sarcomatous  growth  which, 
taking  origin  from  the  roof  of  the  pharjoix  or  nasal  cavity,  is 
apt  to  grow  almost  without  limit,  to  fill  the  naso-pharyngeal 
space,  to  displace  and  thin  the  facial  bones,  and  to  give  rise 
to  considerable  haemorrhage.  The  actual  method  employed 
to  remove  these  growths  when  they  have  been  exposed  is  a 
matter  of  comparatively  smaU  importance,  and  will  vary  Avith 
the  practice  of  each  individual  surgeon.  Some  advocate  avul- 
sion— i.e.,  the  grasping  of  the  pedicle  of  the  tumour  and  its 
removal  by  tearing ;  others  employ  the  ligature,  or  the  wire 
ecraseur ;  some  make  use  of  the  galvanic  loop ;  and  others 
detach  the  base  of  the  growth  by  means  of  a  rugino. 

The  difficulty  is  not  m  dealing  with  the  base  or  pedicle  of 
the  tumour,  but  in  exposing  it.  If  only  the  root  or  point  of 
origin  of  the  polyp  can  be  reached,  the  main  problem  in  the 
matter  of  treatment  will  be  solved. 

The  operations  which  are  about  to  be  described  have 
simpl}?-  for  their  object  the  proper  exposure  of  the  pedicle  of 
the  polyp,  or  such  exposure  as  will  enable  the  root  of  the 
growth  to  be  dealt  with. 

It  cannot  be  said  that  on  the  whole  they  are  very  satis- 
factory procedures,  but  on  the  other  hand  it  must  be  acknow- 
ledged that  the  difficulties  to  be  surmounted  are  considerable. 

Some  of  the  operations  consist  in  removing  portions  of 
the  superior  maxilla.  In  not  a  few  instances  the  whole  of  the 
bone  upon  one  side  has  been  sacrificed  in  order  to  expose  the 
pedicle  of  the  tumour.    Other  measures  consist  in  partially 
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sep.arating  some  portion  of  the  bone,  and  in  replacing  it  after 
the  growth  has  been  dealt  with.  These  operations  are 
generally  included  under  the  terms  osteo-plastic  resection, 
temporary  resection,  "  luxation  temporaire." 

The  origin  of  the  osteo-plastic  resection  is  ascribed  to 
Huguier  about  1852  and  1854,  and  the  first  operations 
appear  to  have  been  performed  by  himself  and  by  Langen- 
beck  in  1801  — a  different  method,  however,  having  been 
adopted  by  each. 

These  various  operations  are  attended  with  considerable 
danger  in  the  severer  class  of  ease.  The  main  trouble  is  from 
hiomorrhage,  which  may  be  desperate. 

In  cases  in  which  nnich  bleeding  is  anticipated,  and 
in  which  the  growth  is  largo  and  prominent  towards  the 
pharynx,  it  is  the  usual  practice  to  perform  laryngotoray  or 
tracheotomy,  and  to  plug  the  opening  of  the  larynx,  or 
to  use  a  Trendelenburg's  tampon.    (See  page  717.) 

Not  a  few  patients  have  died  of  meningitis.  Others  have 
succumbed  to  sejDticaimia,  or  have  died  apparently  of  mere 
exhaustion.    A  recurrence  of  the  growth  has  been  common. 

The  retro-maxillary  region  may  be  reached  m  more 
than  one  way.  It  may  be  approached  through  the  palate, 
or  through  the  anterior  wall  of  the  nasal  fossse,  or  through 
the  maxilla. 

The  operations  about  to  be  described  will  be  divided 
into  three  categories,  according  as  the  pedicle  of  the 
polyp  is  ap})roached  or  the  naso-pharyngeal  region  entered — 

1.  By  the  palatine  route. 

2.  By  the  nasal  route. 

3.  By  the  maxillary  route. 

It  will  be  seen  that  this  division  is  convenient,  although 
not  anatomically  very  precise. 

1.  THE  PALATINE  ROUTE. 

Nelaton's  Operation. — The  mouth  having  been  Avidely 
opened  by  means  of  a  Mason's  gag,  a  median  incision  is 
made  along  the  soft  palate  and  uvula  so  as  to  bisect  them 
completely.  This  incision  is  carried  forwards  upon  the  hard 
palate,  until  it  reaches  a  point  half-way  to  the  alveolus. 
At  the  termination  of  this  median  cut,  two  transverse 


OPERATIONS  FOR  NASO-PSABYNGEAL  POLYP.  73l 


incisions  arc  made  which  incline  a  Uttle  backwards  (Fig. 
217,  A). 

The  two  flaps  of  muco-periosteum  thus  marked  out 
upon  the  hard  palate  are  now  dissected  up  with  the 
riigine.  The  soft  palate  is  detached  from  the  hard,  and 
the  exposed  portion  of  the  latter  is  then  removed  with 
the  chisel  and  mallet  in  the  form  of  a  quadrilateral 
piece  of  bone.  The  nasal  mucous  membrane  is  divided, 
and  as  much  of  the  vomer  removed  as  is  necessary.  An 
entrance  into  the  naso-pharyngeal  region  is  thus  effected. 
After  the  polyp  has  been  dealt  with,  the  cleft  in  the 
palate  is  closed  by  staphyloraphy.  (See  Bull  de  la  Soc. 
cle  Ghir.,  t.  i.,  page  159.) 

Chalet's  Operation.  —  The  attachments  of  the  upper 
lip  are  separated  from  the  bone  after  the  surgeon  has 
divided  transversely  the  fold  of  mucous  membrane  be- 
tween the  gum  and  the  Hp  at  the  level  of  the  anterior 
nasal  sjaine.  The  nasal  fossfe  are  opened  in  this  wa}^ 
from  the  front. 

The  canine  tooth  on  each  side  is  in  the  next  place 
removed. 

The  mouth  is  now  well  opened  with  a  gag,  and  two 
incisions  are  made  through  the  muco-periosteum  of  the 
hard  palate.  These  incisions  are  placed  one  on  each 
side.  They  start  from  the  gap  formed  by  the  loss  of  the 
canine  teeth,  terminate  behind,  where  the  hard  palate  ter- 
minates, and  in  their  course  keep  close  to  the  alveolus  (Fig. 
217,  b).  The  alveolus  and  the  hard  palate  are  now  divided 
from  before  backwards  in  the  line  of  this  incision  by  means 
of  a  chisel  and  mallet. 

The  large  piece  of  bone  thus  isolated  is  separated 
from  its  connections  with  the  vomer  and  nasal  mucous 
membrane,  and  is  turned  down  into  the  mouth  hke  a 
trap-door,  the  hinge  of  the  door  being  at  the  junction  of 
the  hard  palate  with  the  velum. 

After  the  polyp  has  been  removed,  the  disjDlaced  bone 
is  restored  to  its  fonner  position,  and  may  be  maintained 
there  by  a  wire  suture  passed  on  either  side  through  the 
alveolus  (Chalet's  "  Nouveaux  Elements,"  Paris,  1886). 

Comment.  —  It   is   claimed  for  these  operations  that 
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the  J  leave  no  deforniity  of  the  face,  and  do  not  mterfere 
witli  mastication.  Nelaton's  procedure  is  nuich  the  less 
severe,  but  very  little  room  is  provided  for  manipulation. 
The^  aperture  made  is  some  way  back  in  the  mouth,  and 
a  view  of  the  operation  area  can  only  be  obtained  with 
much  difficulty.     In  C'halot's  operation,  considerable  injury 


Fig.  217. — A,  Nelaton's  operation  for  nasal  polypus  ;  B,  Chalet's  operation  for 

nasal  polj'pus. 

is  intiicted  upon  the  hard  palate ;  but  a  larger  opening  is 
made,  and  it  is  placed  well  forAvards,  and  therefore  in  ^a 
much-  more  convenient  situation.  It  will  be  obvious,  how- 
ever, that  if  much  bleeding  occur  the  displaced  palate  will 
form  a  very  troublesome  and  obstructive  foreign  body  in 
the  mouth,  and  the  operation  could  scarcely  be  safe  unless 
a  preliminary  tracheotomy  had  been  performed  and  the 
laiynx  plugged.  These  operations  have  not  been  very  ex- 
tensively employed.     They  are  not  suited  for  the  larger 
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polypi,  nor  for  those  whose  attachments  are — as  is  usually 
the  case — high  up. 

Annandale's  Operation. — Professor  Annandale  has  de- 
monstrated {Lancet,  January  26,  1889)  that  Avhen  the 
alveolar  margin  and  palatal  portions  of  the  upper  jaw  have 
been  divided  along  their  centre  from  before  backwards,  and 
the  bony  septum  of  the  nose  cut  through  (the  anterior 
nares  having  first  been  exposed  by  Kouge's  plan),  the  two 
portions  of  the  upper  jaw  can  be  separated  to  the  extent 
of  from  half  an  inch  to  one  inch,  so  as  to  give  access  to 
the  posterior  nares  and  base  of  the  skull.  Professor 
Annandale  reports  three  examples  of  the  operation.  In 
one  a  preliminary  tracheotomy  was  found  necessary.  All 
three  patients  recovered. 

The  following  are  the  steps  of  the  operation: — 

1.  The  anterior  nares  are  exposed  by  freely  dividing  the 
mucous  membrane  connecting  the  upper  lip  with  the 
superior  maxilla,  and  turning  the .  lip  upwards  according  to 
the  plan  of  Rouge  (page  736). 

2.  The  bony  septum  of  the  nose  is  divided  along  its 
attachment  to  the  maxilla  with  cutting  forceps. 

3.  A  gag  having  been  introduced,  an  incision  is  made 
through  the  muco-periosteal  covering  of  the  hard  palate  in 
the  median  line.  A  key-hole  saw  is  then  introduced 
through  the  nose,  and  the  alveolar  margin  of  the  upper 
jaw  and  the  entire  hard  palate  are  sawn  through  in  the 
same  Ime.  It  may  be  necessary  to  extract  an  incisor  to 
effect  this.  The  soft  palate  may  or  may  not  require 
division.  This  Avill  depend  upon  the  size  and  attachments 
of  the  growth.  In  tAvo  of  the  reported  cases  it  Avas  divided ; 
in  one  it  Avas  not. 

4.  The  right  and  left  halves  of  the  maxilla  are  noAv  forcibly 
separated,  and  by  means  of  the  finger  or  a  periosteal  elevator 
the  secondary  connections  of  the  growth  are  freed. 

5.  Through  the  gap  the  polyp  is  now  removed.  For 
this  purpose  Annandale  used  strong  forceps,  assisted  by  a 
periosteal  elevator  and  a  sharp  spoon. 

6.  When  the  tumour  has  been  removed,  a  plug  of  lint 
soaked  in  carbolic  acid  and  AveU  dusted  Avith  iodoform  is 
introduced  into  the  cavity  left  by  the  removal  of  the  polyp. 
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7.  The  two  portions  of  the  upper  jaw  are  brought 
together  again,  and  secured  by  one  wire  suture  through 
the  alveolar  margin  of  the  bone.  The  cleft  in  the  soft 
palate  is  closed  by  two  or  more  horse-hair  sutures. 

Comment.  —  This  operation  afibrds  probably  the  most 
satisfactory  method  of  reaching  a  naso-pharyngeal  polyp 
from  the  palate.  It  does  not  involve  a  great  disturbance 
of  the  parts,  there  is  no  loss  of  bone,  and  no  deformity  is 
produced.  As  the  section  is  made  in  the  median  line,  there 
is  less  bleeding.  Should  it  become  evident  that  a  more 
extensive  operation  will  have  to  be  carried  out,  this  pro- 
cedure may  be  converted  into  the  first  step  of  an  operation 
for  the  removal  of  the  whole  or  a  part  of  the  maxilla. 
There  are  the  objections  that  the  surgeon  has  to  operate 
in  a  confined  space,  and  that  the  opening  into  the  naso- 
jiharj'nx  is  at  a  considerable  distance  from  the  usual  site  of 
the  attachment  of  the  tumour. 

2.  THE  NASAL  ROUTE. 

Desprez's  Operation.  —  In  this  operation  the  cartila- 
ginous part  of  the  nose  is  turned  over  to  one  side,  its 
connections  having  been  divided  upon  the  opposite  side. 
The  surgeon  first  defines  the  margin  of  the  bony  nostril, 
i.e.,  the  lower  border  of  the  nasal  bone  and  the  free 
border  of  the  nasal  process  of  the  maxilla. 

The  skin  is  incised  on  one  side  of  the  nose  parallel  to 
this  line  and  a  little  below  it.  The  incision  commences 
near  the  middle  hne,  is  carried  down  to  the  groove  whhic 
separates  the  cheek  from  the  nostril,  and  is  made  to  end 
in  the  orifice  of  the  opposite  side. 

The  cartilaginous  part  of  the  nose  is  noAV  separated  from 
the  bony  part  by  means  of  scissors  curved  on  the  flat ;  the 
nasal  septum  is  separated  at  its  inferior  attachments  as  far 
as  is  needed,  and  the  end  of  the  nose  thus  freed  is  forced 
over  to  the  opposite  side.  To  obtain  still  more  room,  the 
turbinated  bones  may  be  removed  in  Avhole  or  in  part. 

After  the  polyp  has  been  secured  the  nose  is  brought  back 
into  place,  and  the  skin  incision  is  carefully  closed  by  sutures. 

Lawrence's  Operation.  —  In  this  procedure  the  nasal 
cavity  is  exposed  by  detaching  the  nose  and  turning  it 
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U2nvards.  An  incision  is  made  along  each  side  of  the  nose, 
commencing  at  a  point  just  internal  to  the  lachrymal  sac 
and  terminating  at  the  junction  of  the  ala  nasi  and  the 
lip.  This  incision  is  carried  into  the  nasal  cavity  by  cut- 
ting through  the  nasal  bones  and  the  nasal  process  of 
the  maxilla  with  bone  forceps. 

The  septum  is  next  divided,  and  the  nose  is  turned  up 
so  that  the  j)osterior  part  of  the  cavity  can  be  reached. 
(See  Medical  Times  and,  Gazette,  1862,  vol.  ii.,  page  491.) 

Langenbeck's  Operation. — The  following  brief  account  of 
this  procedure  is  derived  from  Mr.  Jacobson's  work.  Here 
also  the  displacement  of  the  bones  is  upwards.  The  soft 
j)arts  are  divided  by  an  incision  reaching  from  the  centre  of 
the  root  of  the  nose  obliquely  downwards  and  outwards  on 
one  side  of  the  nose  on  to 
the  cheek,  and  ending  at  a 
point  external  to  the  ala 
nasi  (Fig.  218,  a).  The  soft 
parts  on  the  upper  lip  of  the 
wound  having  been  raised 
upwards  and  outwards,  a 
vertical  incision  is  made 
upwards,  through  the  nasal 
bone  to  the  nasal  spine  of 
the  frontal,  and  a  second 
outwards  fi-om  the  bonv 
margin  of  the  anterior 
nares  to  the  margin  of  the 
orbit.  The  nasal  bone  and 
the  nasal  process  of  the 
superior  maxilla  are  then 
forcibly  displaced  upwards, 
together  with  their  peri- 
osteum, being  still  con- 
nected with  the  frontal 
bone  by  skin,  periosteum, 
and  mucous  membrane.  When  the  polyp  has  been  removed, 
the  bones  are  replaced  and  the  skin  united  by  suture. 

Ollier's  Operation. — In  this  measure  the  nose  is  separated 
and  displaced  doivnwards. 


rig.    218. — OPERATIONS    FOR  NASO-PHAEYN- 
GEAX  POLYPUS. 

A,   Langenbeck's  operation  ;    B,  Boeckel's 
operation. 
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The  incision  commences  in  the  groove  where  the  ala  joins 
the  cheek,  is  carried  iqD  along  the  side  of  the  nose,  is  then 
made  to  pass  over  the  root  of  the  nose  between  the  eyes,  and 
to  follow  a  symmetrical  course  upon  the  other  side  of  the  face 
(Fig.  219,  A). 

A  lino  bone-saw  is  now  taken,  and  the  nasal  bones  are 
sawn  in  the  line  of  the  skin  incision. 

As  large  a  section  of  the  bones  is  made  as  is  possible. 
Indeed,  the  saw  may  be  carried  sufficiently  far  back  to  just 
avoid  the  lachrymal  sac  and  nasal  duct.  The  nose  thus 
separated  is  turned  downwards.  The  septum  is  pressed  aside, 
and  the  site  of  the  operation  reached.  The  operation  is  con- 
cluded by  adjusting  the  part  Avith  sutures. 

Comment. — Of  the  comparative  merits  of  these  various 
measures  there  is  little  to  be  said.  As  a  whole,  they  must  be 
of  very  limited  application,  and  are  suited  rather  for  nasal 
than  for .  naso -pharyngeal  polypi.  They  provide  but  little 
room ;  and  if  the  attachment  of  the  growth  be  to  the  base  of 
the  skull,  at  the  roof  of  the  pharynx  these  operations  can 
avail  but  little.  If  the  attachment  be  to  the  anterior  part  of 
the  nasal  roof,  however,  one  or  other  of  these  measures  may 
be  employed.  The  published  cases  are,  up  to  the  present 
time,  very  few. 

Rouge's  Operation. — This  procedure  may  be  conveniently 
considered  in  this  place. 

It  affords  a  means  of  gaining  a  free  access  to  the  nasal 
cavities  without  maldng  a  scar  upon  the  face. 

The  operation  would  scarcely  be  carried  out  in  dealing 
with  naso-pharyngeal  pol3^pi,  except  in  cases  in  which  the 
growth  was  very  small,  and  easily  reached  from  the  front.  It 
is,  however,  of  admirable  service  in  dealmg  with  cases  of 
obstinate  oz£ena,  in  aftbrding  a  means  of  fully  examining  the 
nasal  cavities,  m  removing  carious  bone,  in  dealing  with  lupus 
of  the  nasal  mucous  membrane,  and  in  treating  the  more 
troublesome  forms  of  nasal  polypus. 

The  operation  was  described  by  Dr.  Rouge  in  1873 
("Nouvelle  Methode  pour  le  Traitement  Chirurgical  de 
rOzene,"  Lausanne,  1873). 

Precautions  having  been  taken  to  prevent  the  flow  of 
blood  into  the  pharynx  and  larynx,  the  upper  lip  is  forcibly 
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raised  by  an  assistant,  who,  leaning  over  the  patient's  head, 
draws  up  the  lip  by  taking  hold  of  it  at  the  angles  of  the 
mouth. 

The  surgeon,  with  scissors  curved  on  the  flat,  frees  it  from 
the  maxilla  by  cutting  the  mucous  membrane  along  its  line 
of  reflection,  fr-om  opposite  the  bicuspids  of  one  side  to  a 
corresponding  point  on  the  other.  The  scissors  must  be  kept 
close  to  the  bone.  The  cartilaginous  septum  is  next  detached 
from  the  anterior  nasal  spine,  and  the  alar  cartilages  are  separ- 
ated from  their  connections  with  the  maxilla.  The  adjacent 
parts  of  the  cheek  must  be  separated  as  far  as  is  necessary, 
in  order  that  the  upper 
hp,  together  with  the 
nose,  may  be  turned  up- 
wards towards  the  fore- 
head, and  the  anterior 
nares  well  exposed  for 
examination. 

After  the  operation 
the  parts  are  merely  re- 
placed. No  sutures  are 
needed.  The  nose  may 
be  carefully  and  accu- 
rately supported  by 
means  of  cotton-wool 
and  a  bandage,  and  the 
mouth  should  be  kept 
clean  by  some  antiseptic 
wash. 


Fig.    219.— OPEEATIONS   FOE  NASO-PHABTNGEAL 
POLYPUS. 

A,  Ollier's  operation  ;  b,  Guerin's  operation ;  c, 
Langenbeck's  operation. 


3.  THE  MAXILLARY  ROUTE. 

Boeckel's  Operation. 

—  In    performing  this 
operation  a  considerable  part  of  the  bone  around  the  margin 
of  one  nostril  is  sacrificed. 

The  skm  mcision  commences  near  the  root  of  the  nose, 
and  is  carried  obliquely  along  the  side  of  the  nose  to  the 
groove  between  the  nostril  and  the  cheek.  It  is  then  made  to 
curve  backwards  and  downwards  for  some  little  way  upon  the 
cheek.    From  the  point  of  commencement  of  the  incision 
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another  cut  is  carried  inwards,  which  follows  the  lower  margin 
of  the  orbit.  A  tongue-shaped  flap  of  skin  is  thus  defined,  the 
base  of  which  is  outwards  (Fig.  218,  b). 

^  The  incision  is  carried  well  down  to  the  bone  throughout. 
With  a  small  rugine  the  periosteum  is  separated  from  the 
lower  part  of  the  nasal  bone,  and  from  the  whole  width  of  the 
nasal  process  of  the  maxilla,  care  being  taken  to  avoid  the 
lachrymal  sac  on  the  one  hand,  and  the  infraorbital  nerve 
on  the  other.  A  chisel  is  now  entered — first  to  the  inner  side 
of  the  infraorbital  canal,  and  the  maxilla  is  divided  nearly 
vertically,  the  incision  involving  the  whole  of  the  wide  base  of 
the  nasal  process  and  a  httlo  of  the  bone  beyond.  This 
chisel-cut  extends  into  the  nasal  cavity,  reaching  it  to  its 
floor. 

The  bone  is  now  divided  with  the  chisel  just  in  front  of 
the  lachrymal  sac,  and  again  through  the  upper  part  of  the 
nasal  process  and  the  lower  part  of  the  nasal  bone,  the  instru- 
ment once  more  reaching  the  cavity  of  the  nose.  The  portion 
of  bone  thus  marked  out  is  now  entirely  removed.  The  lines 
of  the  bone  incisions  and  the  part  excised  are  shown  in 
Fig.  215,  D.  The  portion  removed  measures  about  3  cm.  in 
vertical  length,  and  about  2  cm.  in  width. 

The  nasal  cavity  is  now  extensively  exposed,  and  to  obtain 
more  room  the  inferior  and  middle  turbinated  bones  are  re- 
moved. After  the  polyp  has  been  dealt  with,  the  flap,  com- 
posed of  the  periosteum  and  the  soft  parts,  is  carefully 
brought  into  position  by  means  of  sutures. 

Langenbeck's  Operation.  —  A  tongue-shaped  flap  is 
marked  out  from  the  tissues  of  the  face  ;  a  large  part  of  the 
maxilla  is  separated  by  the  saw,  and  the  fragment,  together 
with  the  soft  parts  which  cover  it,  is  temporarily  displaced 
inwards.    The  following  are  the  steps  of  the  operation : — 

Two  semilunar  incisions,  both  convex  downwards,  are  made 
across  the  face.  They  are  widely  separated  towards  the  middle 
line,  but  meet  externally.  The  upper  of  the  two  incisions  starts 
from  the  root  of  the  nose,  is  carried  just  below  the  inferior 
mar'gin  of  the  orbit,  and  ends  a  little  behind  the  middle  of  the 
malar  bone.  The  lower  cut  starts  from  the  ala  of  the  nose, 
and,  curving  across  the  cheek,  joins  the  termination  of  the 
upper  incision. 
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The  outer  end  of  the  united  incision  may  be  then  con- 
tinued a  Httle  way  along  the  zygomatic  arch  (Fig.  219,  c). 

The  knife  is  carried  throughout  well  down  to  the  bone. 
The  integument  should  not  be  reflected,  nor  even  disturbed. 
By  means  of  a  rugine  the  periosteum  is  freed  along  the  lines 
of  the  incisions,  and  is,  moreover,  stripped  from  the  floor  of 
the  orbit  as  far  back  as  the  spheno-maxillary  fissure.  The 
origin  of  the  masseter  is  detached  from  the  exposed  part  of 
the  malar  bone.  The  soft  parts  are  left  almost  entirely  un- 
disturbed, and  the  flap  must  not  be  detached  from  the  sub- 
jacent bone  in  any  way. 

A  pointed  elevator  is  now  passed  below  the  zygomatic 
arch,  and  is  made  to  travel  horizontally  through  the  pterygo- 
maxillary  fissure  to  the  outer  wall  of  the  nasal  cavity.  Its 
end  may  be  made  out  by  the  forefinger  introduced  through 
the  mouth. 

The  elevator  having  been  withdrawn,  a  key-hole  saw,  with 
the  cutting  edge  upwards,  is  inserted  along  the  tract  made  by 
the  elevator,  and  is  made  to  divide  the  zygomatic  arch,  as 
represented  by  the  malar  bone,  and  is  so  carried  through  that 
bone  as  to  enter  the  spheno-maxillary  fissure.  It  should  then 
follow  the  floor  of  the  orbit,  to  end  short  of  the  lachrymal 
bone  (Fig.  215,  f). 

(As  an  alternative,  the  bone  may  be  divided  in  the  line  of 
the  skin  cut,  and  the  orbital  plate  thus  spared.) 

The  saw  is  removed,  and  is  once  more  introduced  through 
the  pterygo-maxillary  fissure,  but  now  with  the  cutting  edge 
doAvnwards.  It  is  made  to  saw  through  the  walls  of  the 
antrum,  and  to  enter  the  anterior  nares  close  to  the  nasal 
floor.  It  follows  very  nearly  the  hne  of  the  lower  skin 
incision. 

An  elevator  is  once  more  introduced  into  the  pterygo- 
maxiUary  fissure,  and  the  portion  of  the  maxilla  separated  is 
displaced  inwards,  together  with  the  skin  and  periosteum 
which  cover  it. 

The  nasal  bone  and  the  nasal  process  of  the  maxilla  form 
the  hinge  about  which  this  large  fragment  is  bent  (Fig.  215, 
F  f). 

The  piece  is  displaced  upwards  and  inwards  until  the 
free  portion  of  the  malar  bone  is  about  in  the  middle  of  the 
v  V  2 
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face.  The  naso-pharyngeal  cavity  is  now  well  exposed.  After 
the  polypus  has  been  removed  the  bone  is  replaced,  and  the 
ivound  closed  by  many  points  of  suture.  No  sutures  are,  as  a 
rule,  needed  for  the  bone.  Its  slight  tendency  to  rise  up  can 
be  met  by  the  pressure  of  a  sponge.  No  drainage-tube  is  re- 
quired. A  chisel  may  be  employed  in  the  place  of  the  saw. 
As  the  bones  are  often  much  thinned  by  the  pressure  of  the 
tilmour,  certain  of  the  steps  of  the  operation  may  be 
simplified. 

Other  Operations.  —  Naso-pharyngeal  polypi  have  been 
exposed  through  the  maxilla  by  removing  other  segments  of 
the  bone.  The  partial  excision  practised  by  Guerin,  and  de- 
scribed on  page  726,  has  been  not  infrequently  made  use  of 
in  this  connection. 

The  whole  of  the  maxilla  has  been  excised  for  the  purpose 
of  exposing  a  naso-pharyngeal  polyp.  For  the  same  purpose 
the  whole  bone  has  been  loosened  from  its  connections,  and 
has  been  replaced  after  the  polyp  had  been  removed. 

Comment. — The  two  operations  described  provide  a  very 
fair  view  of  the  upper  naso-pharyngeal  region.  The  operation 
of  Eoeckel  is  simpler,  and  possibly  less  dangerous,  but  it  pro- 
vides less  room  for  dealing  with  the  polypoid  growth. 

Langenbeck's  operation  has  been  extensively  employed, 
and  is  probably,  of  the  various  methods  described,  the  one 
most  frequently  carried  out. 

The  operation  is  difficult  and  tedious,  and  may  be  attended 
by  very  considerable  bleeding. 

In  both  these  procedures  the  alveolus  and  the  palate  are 
left  undisturbed.  The  oral  cavity  is  not  interfered  with,  and 
the  orbital  cavity  is  not  seriously  encroached  upon.  In  both 
cases,  however,  a  very  conspicuous  scar  must  result. 

Results. — So  far  as  the  complete  removal  of  the  polyp  is 
concerned,  the  best  results  have  followed  those  operations 
which  have  given  the  widest  view  of  the  naso-pharyngeal 
region.  Certain  of  the  measures  above  described  provide  but 
little  room,  and  much  of  the  surgeon's  work  is  done  in  the 
dark.  The  displaced  piece  of  bone — in  the  so-called  osteo- 
plastic resections — has  necrosed  in  whole  or  in  part.  Some 
patients  have  died  of  the  immediate  effects  of  the  operation, 
the  most  serious  element  being  haemorrhage;  others  have 
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succumbed  to  meningitis,  otliers  to  pyaimia.  The  mortality 
of  these  operations  has  been  roughly  estimated  at  about 
twenty-five  per  cent. 

It  must  be  confessed  that  recurrence,  even  after  what 
appears  to  be  a  very  complete  removal,  is  common. 

Out  of  thirty-nine  operation  cases  collected  by  Lincoln, 
recurrence  took  place  within  twelve  months  in  fourteen  cases, 
eight  deaths  followed  the  operation,  four  patients  may  be  said 
to  have  been  cured,  and  in  thirteen  the  conclusion  of  the  case 
is  not  noted- 


742 


CHAPTER  XXIII. 

Excision  of  the  Lower  Jaw. 

The  circuiiistances  under  which  this  operation  is  carried  out 
are  nearly  identical  with  those  which  justify  Hke  excisions 
of  the  upper  jaw  (page  715). 

A  large  number  of  the  operations  are  partial,  and  only  in  a 
few  instances  is  it  necessary  to  remove  the  entire  bone,  i.e., 
both  the  right  and  left  portions  of  the  maxilla. 

A  concise  account  of  the  history  of  the  operation  is 
given  by  South  (Chelius's  "  Surgery,"  vol.  ii.).   J  )eadrick  (Amer. 
Med.  Rec,  vol.  vL,  page  516,  182G)  was  the  first  who,  in 
1810,  cut  away  the  side  of  the  lower  jaw ;  in  1812  Dupuytren 
(Clinical  Lecture,  transl.  in  Lancet,  vol.  i.,  1833,  page  56) 
sawed  off"  a  large  portion  of  the  front  of  the  jaw;  in  1816 
Anthony  White  (Chelius,  vol.  ii.,  page  991)  removed  half  a 
necrosed  jaw  from  the  socket;  in  1818  Astley  Cooper  ("Sur- 
gical Essays,"  part  i.,  page  179,  1818)  sawed  off*  the  projecting 
part  of  the  chin  ;  in  1821  Graefe  {Graefe  and  Von  Walther'.s 
Jovyvn.,  vol.  iii.,  page  250, 1822)  removed  the  front  of  the  jaw, 
and  in  the  same  year  one  half  of  the  lower  jaw,  which  he 
exarticulated,  and  the  patient  lived.    Mott's  first  operation,  in 
which  half  the  jaw  was  removed,  by  sawing  through  the  chin 
and  across  the  ascending  branch,  Avas  performed  in  March, 
1822  {New  York  Med.  and  Phys.  Journ.,  vol.  i.,  page  386) ;  his 
second,  in  which  he  exarticulated  one  half,  in  May,  1822, 
the  patient  dying  on  the  evening  of  the  fourth  day. 

Anatomical  Points. — The  general  features  of  the  bone 
and  of  the  nmscles  attached  to  it  need  not  here  be  considered. 
The  maxilla  is  composed  of  very  dense  hard  bone,  which  is 
somewhat  difficult  to  saw  or  to  cut  with  bone  forceps.  The 
bone  is  weakest  at  the  situation  of  the  bicuspid  teeth,  and 
strongest  at  the  symphysis.    Of  the  sockets  for  the  teeth, 
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those  for  the  incisors  are  the  smallest,  that  for  the  canine  is 
the  widest  and  the  deepest. 

It  must  be  remembered  that  Avith  the  loss  of  the  teeth  by 
age  the  alveolar  part  of  the  bone  becomes  absorbed. 

The  parotid  gland  is  in  close  relation  with  the  temporo- 
maxillary  joint  and  the  vertical  ramus  of  the  jaw. 

The  course  of  Stenson's  duct  across  the  masseter  is  re- 
presented by  a  line  drawn  from  the  lower  margin  of  the 
concha  to  a  point  midway  between  the  ala  of  the  nose  and 
the  red  margin  of  the  lip.  It  lies  about  a  finger 's-breadth 
below  the  zygoma,  havmg  the  transverse  facial  artery  above 
it,  and  the  facial  nerve  below  it.  The  facial  nerve  is  re- 
presented by  a  line  drawn  across  the  parotid  gland,  in  a 
direction  forwards  and  a  httle  downwards,  from  the  spot 
where  the  anterior  border  of  the  mastoid  process  meets  the  ear. 

The  facial  artery  crosses  the  lower  border  of  the  jaw  at  the 
anterior  margin  of  the  masseter  muscle. 

The  vessels  divided  in  excising  the  lower  jaw  are  the 
facial,  inferior  coronary  and  labial  (if  the  lip  be  severed), 
mental,  masseteric,  inferior  dental,  and  mylo-hyoid. 

The  parts  in  danger  of  being  damaged  are  the  facial 
nerve,  the  internal  maxillary  artery,  temporo-maxillary  vein, 
auriculo- temporal  nerve,  external  carotid  artery,  gustatory 
nerve,  and  the  parotid,  submaxillary,  and  sublingual  glands. 

Instruments  Required— The  same  as  for  excision  of  the 
upper  jaw,  with  the  addition  of  a  small  saw  with  a  movable 
back,  or  a  small  Jiutcher's  saw,  and  a  needle  in  a  handle  for 
securing  the  tongue  if  necessary. 

THE  REMOVAL  OF  ONE  HALF  OF  THE  LOWER  JAW. 

Operation. — The  patient  lies  upon  the  back,  with  the  head 
and  shoulders  raised,  and  with  the  trunk  close  to  the  edge  of 
the  table.  The  surgeon  stands  on  the  side  to  be  operated 
upon.  Some  find  it  more  convenient  to  stand  on  the  patient's 
right  in  dealing  with  either  side  of  the  maxilla. 

The  head  is  turned  to  the  sound  side.  The  chief  assistant 
takes  his  place  opposite  to  the  surgeon.  A  second  helper 
stands  by  the  operator's  side. 

In  male  subjects  the  chin  will  have  been  already  shaved. 

1.  A  vertical  incision  is  made  through  the  tissues  of 
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the  chin,  in  the  middle  line,  starting  just  below  the  lip,  which 
is  not  divided.  From  the  lower  end  of  this  another  incision 
is  carried  along  and  just  below  the  inferior  border  of  the  jaw 
for  its  entire  length,  and  is  then  directed  upwards  along  the 
posterior  margin  of  the  ascending  ramus,  to  end  opposite  to 
the  lobule  of  the  ear  (Fig.  213,  c). 

The  incision  is  carried  throughout  down  to  the  bone, 
except  in  one  place,  viz.,  where  the  knife  crosses  the  facial 
artery.    Here  the  wound  is  only  skin  deep. 

After  the  incision  has  been  made,  the  surgeon  returns  to 
the  spot  indicated,  exposes  the  facial  artery  by  dissection, 
secures  it  between  two  ligatures,  and  divides  it. 

With  a  periosteal  elevator  or  rugine  the  muscles  attached 
to  the  external  surface  of  the  maxilla  are  rapidly  separated 
from  the  bone,  and  are  turned  up  with  the  integuments  in  the 
form  of  a  flap.  The  separation  is  commenced  at  the  sym- 
physis, and  carried  backwards.  The  buccinator  and  masseter 
arc  peeled  off  from  the  bone  in  this  part  of  the  operation.  The 
mental  and  masseteric  arteries,  together  Avith  some  smaller 
branches,  are  divided  at  this  stage. 

It  is  desirable  that  the  operator  should  keep  close  to  the 
bone. 

The  cavity  of  the  mouth  is  now  opened  by  dividing  the 
buccal  mucous  membrane  at  its  junction  with  the  alveolus. 

■  2.  The  surgeon  now  extracts  one  of  the  incisor  teeth — 
the  lateral  incisor  as  a  rule — and  with  a  key-hole  saw  divides  the 
jaw  vertically  in  the  line  of  the  gap  (Fig.  215,  g).  It  is  often 
more  convenient  to  saw  the  bone  nearly  through,  and  then 
to  complete  the  section  with  suitable  bone-cutting  forceps. 
More  or  less  of  the  genio-hyoid,  genio-hyo-glossus,  and  digas- 
tric muscles  will  be  disturbed  in  clearing  the  inner  surface  of 
the  bone. 

3.  The  anterior  extremity  of  the  divided  maxilla  is  now 
drawn  outwards,  and  with  a  blunt-pointed  knife  kept  close  to 
the  bone  the  surgeon  divides  the  attachment  of  the  mylo- 
hyoid muscle.  The  internal  pterygoid  muscle  is  reached,  and 
may  be  conveniently  separated  from  the  bone  by  means  of  a 
periosteal  elevator.  The  lower  border  of  the  maxilla  is  twisted 
outwards,  in  order  that  the  whole  of  the  attachment  of  the 
internal  pterygoid  muscle  may  be  dealt  with. 
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The  inferior  dental  artery  and  nerve  are  exposed  and 
divided.  In  this  part  of  the  operation  care  must  be  taken  to 
avoid  injury  to  the  sub-lingual  and  sub-maxillary  glands. 

4.  The  anterior  part  of  the  jaw  is  now  forcibly  depressed, 
in  order  to  bring  the  coronoid  process  into  view  in  the 
posterior  part  of  the  wound. 

The  tendon  of  the  temporal  muscle  is  divided,  with 
scissors  curved  on  the  flat,  as  each  part  of  the  fibres  of  in- 
sertion is  successively  reached. 

Some  surgeons  divide  the  coronoid  process  with  a  chisel 
and  mallet,  and  subsequently  dissect  out  the  fragment  of  bone 
thus  isolated. 

The  jaw  is  still  further  depressed,  in  order  that  the  con- 
dyle may  be  brought  into  view. 

The  external  pterygoid  muscle  is  reached,  and  is  detached 
with. the  elevator  or  divided  with  scissors.  The  capsule  of 
the  joint  is  severed,  the  articulation  is  opened  and  the  condyle 
freed.  Throughout  this  stage  of  the  excision  the  jaw  should 
be  merely  depressed.  It  should  not  be  twisted.  If  it  be 
much  everted  or  rotated  out,  the  internal  maxillary  artery 
may  be  brovight  into  contact  with  the  neck  of  the  bone,  and 
may  be  accidentally  divided  or  even  torn. 

It  only  remains  now  to  cut  the  bone  free  of  its  few  surviv- 
ing attachments,  which  are  represented  by  the  internal  lateral, 
stylo-maxillary  and  pterygo-maxillary  ligaments,  together  with 
more  or  less  fascia  and  the  remaming  fibres  of  the  outer 
pterygoid  muscle. 

All  bleeding  having  been  checked,  the  wound  is  united 
with  silkworm-gut  sutures.  The  chm  part  of  the  incision 
should  be  adjusted  with  especial  care.  A  drainage-tube  may 
be  introduced  into  the  hinder  part  of  the  wound,  and  retained 
there  for  twenty-four  hours. 

A  dressing  composed  of  a  sponge  dusted  with  iodoform, 
and  kept  in  place  by  a  layer  of  wool  and  a  supporting  bandage, 
will  be  found  to  be  efficient. 

Comment. — This  operation  admits  of  very  little  variation. 
The  whole  of  one  side  of  the  maxilla  has  been  removed  with 
success,  through  the  mouth. 

Upon  no  reasonable  grounds,  however,  can  this  method  be 
recommended.    It  is  true  that  no  skin-wound  is  made,  but 
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on  the  other  hand  the  scar  resulting  from  the  usual  wound 
is  not  disfiguring,  nor  is  it  even  conspicuous.  In  attempting 
to  remove  the  maxilla  from  the  mouth,  the  surgeon  must 
find  his  movements  hampered.  Considerable  damage  must 
be  inflicted  upon  the  soft  parts  ;  there  is  great  risk  of  injuring 
the  internal  maxillary  artery,  and  efficient  drainage  is  not 
provided. 

If  the  operation  be  carried  out  as  advised,  there  can  be 
little  need  of  adopting  such  special  measures  for  meeting 
haimorrhage  as  the  ligature  of  the  external  carotid  artery,  or 
the  plugging  of  the  larynx  after  tracheotomy.  It  is  onty 
when  dealing  with  large  and  vascular  growths  that  any  such 
precautions  are  suggested. 

Some  surgeons  carry  the  skin  incision  entirely  through 
the  lip.  Tliis  procedure,  although  it  renders  the  clearing  of 
the  bone  more  easy,  is  not  necessary.  Some  deformity  is  pro- 
duced, and  the  adjustment  of  the  wound  cannot  be  so  care- 
fully carried  out.  The  point  is  not  of  primary  importance, 
and  in  dealing  with  a  large  growth  the  knife  may  very 
properly  be  carried  through  the  thickness  of  the  lip. 

Whenever  possible,  the  symphysis  should  be  saved.  If  it 
should  be  necessary  to  remove  the  median  part  of  the  bone 
with  the  genial  tubercles,  then  the  tongue  must  be  prevented 
from  falling  back  upon  the  larynx  by  means  of  a  suitable  silk 
ligature  passed  through  its  tip. 

If  the  coronoid  process  be  unduly  long,  or  if  it  be  pressed 
forwards  by  the  growth  of  the  tumour,  it  may  hitch  against 
the  malar  bone  when  the  bone  is  depressed,  and  in  such  case 
must  be  divided  with  the  chisel  or  bone  forceps. 

"In  cases  where  the  jaw  has  been  extensively  thinned  or 
eroded  by  a  growth,  it  is  very  likely  to  fracture  under  the  de- 
pression which  is  required  to  bring  down  the  condyle.  If  this 
accident  occur,  removal  of  the  condyle  and  coronoid  process 
is  rendered  difficult,  as  the  latter  is  drawn  upwards  under 
the  zygoma  by  the  temporal  muscle.  The  removal  will  be 
facilitated  by  dragging  them  down  with  lion-forceps  and 
detaching  the  temporal  tendon  with  blunt-pointed  scissors" 
(Jacobson). 

In  dealing  with  growths  of  the  maxilla  it  is  undesirable 
that  the  periosteum  should  be  saved. 
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In  excision  for  necrosis,  however,  it  is  important  that  as 
httle  of  that  membrane  as  possible  should  be  sacrificed. 

PARTIAL  EXCISIONS  OF  THE  LOWER  JAW. 

Considerable  portions  of  the  jaw,  but  more  especially  of 
the  alveolar  part  of  it,  can  be  removed  from  the  mouth. 
Such  operations  are  frequently  called  for  in  dealing  with 
some  of  the  many  forms  of  epuhs.  Such  a  segment  as  is 
sho-\vn  in  Fig.  215,  h  can  be  readily  removed.  In  effecting 
excisions  of  this  hmited  character  the  chisel  and  mallet  are 
the  most  useful  instruments.  Or  the  saw  may  be  conveni- 
ently employed  for  the  vertical  incisions  in  the  bone,  and 
the  chisel  for  the  horizontal  cuts. 

It  is  well  that  the  teeth  in  the  involved  segment  should 
be  removed  should  any  still  remain.  The  surgeon  will  add 
greatly  to  the  difficulties  of  the  operation  if  he  attempts  to 
drive  a  chisel  or  a  saw  through  the  fangs  of  several  teeth. 

If  a  portion  of  the  body  of  the  bone  have  to  be  excised, 
then  it  is  always  well  to  approach  it  by  an  incision  made 
along  the  lower  border  of  the  maxilla. 

Attempts  to  remove  considerable  segments  of  the  body 
of  the  bone  through  the  mouth  are  most  unsatisfactory,  lead 
to  a  needless  mangling  of  the  soft  parts,  to  much  bleeding, 
and  to  a  sloughy  pouch  in  the  floor  of  the  mouth. 

The  external  incision  enables  the  surgeon  to  reach  the 
bone  readily,  to  deal  with  it  in  the  simplest  manner,  and  to 
drain  the  wound  cavity  left  after  the  excision. 

Whenever  possible,  a  portion  of  the  lower  part  of  the  bone 
should  be  preserved,  or,  in  other  words,  the  lower  border 
should  never  be  divided  unless  it  is  inevitable. 

If  only  a  narrow  bar  of  bone  be  left  in  this  situation,  it 
will  prove  of  enormous  value,  not  only  in  the  after-treatment, 
but  also  in  so  far  as  the  resulting  deformity  is  concerned. 
The  free  use  of  the  chisel  enables  much  to  be  done  in  this 
direction. 

If  a  portion  of  the  maxilla,  through  its  whole  width,  has 
to  be  removed,  it  is  better,  as  Mr.  Heath  advises,  not  to 
complete  one.  section  before  the  other  is  begun,  because  of 
the  loss  of  resistance  consequent  upon  breaking  the  continuity 
of  the  bone. 
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Eacli  cut  should  be  carried  nearly  through  the  bone  by 
means  of  the  saw,  and  should  then  be  completed  with  the 
bone-forceps. 

"  The  removal  of  the  central  portion  of  the  jaw,"  writes 
Sir  Wilham  MacCormac,  "leads  to  considerable  functional 
trouble  later,  from  the  difficulty  of  keeping  the  ends  apart 
and  preserving  the  parallelism  of  the  teeth.  This  must  be 
striven  for  by  the  use  of  suitable  apparatus,  but  the  result 
is  usually  unsatisfactory." 

THE  REMOVAL  OF  THE  WHOLE  OF  THE  LOAVER  JAW. 

This  operation  has  been  performed  in  a  fair  number  of 
cases.  In  Weber's  table  twenty  cases  are  alluded  to.  The 
excision  is  reputed  to  have  been  first  carried  out  by  Blandin 
in  1848. 

The  procedure  requires  no  special  description.  The  ver- 
tical chin  incision  is  omitted,  and  the  knife  is  carried  along  the 
whole  of  the  lower  border  of  the  jaw  on  both  sides,  and 
terminates  posteriorly  in  the  manner  already  described. 

The  After-treatment. — The  general  features  of  the  after- 
treatment  have  been  alluded  to  in  dealing  with  the  upper  jaw. 
The  main  difficulty  is  to  keep  the  mouth  sweet.  A  large 
pouch  is  left  in  the  floor  of  the  mouth,  and  in  this  pouch 
food  and  the  secretions  of  the  mouth  must  of  necessity  collect, 
and  here  they  are  apt  to  decompose.  If  no  care  be  taken, 
this  pouch  becomes  the  seat  of  the  foullest  possible  sloughs. 

It  is  very  difficult  for  the  patient  to  wash  the  mouth  out 
efficiently,  as  it  is  painful  to  move  the  remaining  portion  of 
the  jaw,  and  even  to  move  the  head.  The  best  wash  is  a 
1-80  to  1-60  solution  of  carbolic  acid. 

For  the  first  few  days — if  possible,  for  the  first  ten  days — 
it  will  be  well  if  the  food  can  be  administered  through  a 
tube,"  so  that  none  can  find  its  way  into  the  mouth.  If  this 
be  done,  and  if  the  mouth  be  washed  out  every  hour  with 
a  gentle  stream  from  an  irrigator,  the  parts  can  be  kept  in 
excellent  condition,  and  healing  will  proceed  rapidly. 

If  a  drainage-tube  be  employed,  it  should  be  removed  in 
twenty-four  hours,  and  the  escape  of  the  fluids  in  the  mouth 
through  the  skin- wound  should  not  be  encouraged  after  that 
time. 
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The  patient  should  occupy  the  sitting  position  as  much  as 
possible,  and  every  care  should  be  taken  that  he  is  well  fed. 
In  the  manner  of  feeding  I  have  usually  employed  the  nasal 
tube,  which  has  been  passed  after  a  little  cocaine  had  been 
introduced  into  the  nose  through  a  spray-producer. 

The  foulness  of  the  mouth  in  a  neglected  case  is  in- 
describable, and  the  persistent  attempt  to  avert  decomposition 
is  a  main  element  in  the  after-treatment. 

Results. — Mr.  Butlin  has  collected  104  cases  of  excision 
of  the  lower  jaw  for  tumour.  Of  these,  14  died  from  the 
effects  of  the  operation,  showing  a  mortality  of  rather  less 
than  14  per  cent. 

The  chief  causes  of  death  have  been  exhaustion,  pyaemia, 
erysipelas,  and  lung  complications. 

Speaking  of  malignant  growths  (sarcomata)  of  the  lower 
jaw,  Mr.  Butlin  considers  that  the  prognosis  in  subperiosteal 
sarcoma  is,  in  spite  of  early  and  free  operation,  very  bad,  on 
account  of  the  rapidity  with  which  the  disease  involves  the 
neighbouring  structures,  and  recurs  after  removal. 

In  cases  of  central  sarcoma  the  prognosis  is  not  so  bad, 
provided  that  the  resection  of  the  bone  has  been  free,  and 
especially  when  the  growth  is  of  the  giant-celled  or  myeloid  type. 

OPERATIONS  FOR  THE  RELIEF  OF  CLOSURE  OF  THE  JAW. 

These  operations  are  only  adapted  for  severe  cases  which 
have  resisted  all  milder  measures,  and  in  which  the  closure 
or  the  anchylosis  is  such  as  to  cause  grave  inconvenience. 

So  far  as  the  bone  is  concerned,  two  operations  may  be 
employed  in  dealing  with  this  condition. 

They  are  susceptible  of  modification,  but  they  represent 
elementary  principles  in  the  treatment. 

One  operation  would  be  ranked  with  cuneiform  osteoto- 
mies ;  the  other  has  been  described  as  an  excision  of  the 
temporo-maxillary  articulation. 

The  two  procedures  are  Esmarch's  operation,  and  the 
removal  of  the  condyle  of  the  lower  jaw. 

1.  Esmarch's  Operation. 

In  this  operation  a  wedge-shaped  piece  of  bone  is  removed 
from  the  horizontal  portion  of  the  maxilla,  with  the  intention 
of  establishing  a  false  joint. 
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This  method  is  intended  for  those  cases  in  which  the 
trouble  is  not  Kmited  to  the  articulation.  It  is  especially 
employed  in  examples  of  closure  of  the  jaw  due  to  the 
contraction  of  cicatrices.  Such  contraction  is  apt  to  follow 
destructive  forms  of  inflammation,  of  which  cancrum  oris  is 
a  good  example. 

The  wedge  of  bone  to  be  removed  must  be  taken  from  the 
horizontal  ramus  of  the  jaw,  anterior  to  the  masseter,  and  in 
front  of  the  contracted  tissues.  The  base  of  the  wedge  will 
be  below,  and  in  an  ordinary  case  in  an  adult  should  measure 
one  inch  and  a  quarter.  The  apex  is  at  the  alveolar  border, 
and  should  be  about  three-quarters  of  an  inch  in  width 
(Fig.  215,1). 

An  incision  some  two  inches  in  length  is  made  along  the 
lower  border  of  the  jaw  at  the  spot  at  which  it  is  intended  to 
remove  the  wedge.  The  bone  having  been  well  exposed  and 
the  j)eriosteum  divided,,  a  wedge  of  bone  is  removed  with  a  key- 
hole saw,  aided  by  the  chisel  and  a  periosteal  elevator.  After 
all  bleeding  has  been  checked  the  wound  is  closed  by  sutures. 

It  is  essential  that  passive  movements  should  be  com- 
menced within  a  day  or  two  of  the  operation,  and  should  be 
regularly  maintained.  By  means  of  screAV  gags  and  graduated 
pieces  of  cork  the  patient  should  be  encouraged  to  open  the 
mouth  as  wide  as  possible,  and  to  cultivate  active  movements 
of  the  new  joint.  Unless  care  be  taken  in  this  matter,  the 
trouble  is  very  apt  to  relapse.  If  great  pain  be  experienced 
in  moving  the  jaw,  then  the  passive  movements  may  be 
practised  under  gas  on  the  first  few  occasions. 

Very  good  results  have  been  obtained  by  this  method,  and 
very  useful,  though  one-sided,  masticatory  power  is  obtained. 

2.  Excision  of  the  Condyle  of  the  Jaw. 

This  operation  is  identical  with  the  so-called  excision  of 
the  temporo-maxillary  articulation. 

It  has  been  carried  out  in  some  instances  of  suppurative 
joint-disease.  Usually,  however,  it  has  been  applied  to  cases 
of  chronic  rheumatoid  arthritis,  with  deformity  and  great 
impairment  of  movement,  and  to  cases  of  closure  of  the  jaw 
due  to  mischief  limited  to  the  articulation  itself. 

A  vertical  incision  is  made  over  the  site  of  the  joint  and 
condyle.    It  is  placed  anterior  to  the  temporal  artery,  starts 
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at  tlie  lower  margin  of  tlie  zygoma,  and  ends  below,  just  short 
of  the  transverse  facial  artery.  The  temporal  artery  may  be 
considered  to  run  about  a  finger's-breadth  in  front  of  the 
tragus,  while  the  transverse  facial  artery  is  a  little  less  than  a 
finger's-breadth  below  the  zygoma. 

This  incision  may  be  joined  by  a  second  cut,  which, 
starting  from  its  upper  extremity,  follows  the  lower  margin  of 
the  zygoma  for  about  one  inch. 

The  triangular  flap  thus  marked  out  is  reflected  forwards. 
Care  is  taken  not  to  damage  any  branches  of  the  facial  nerve 
nor  any  lobe  of  the  parotid  gland. 

Such  flbres  of  the  masseter  as  come  into  view  are  sepa- 
rated from  the  zygoma,  the  capsule  of  the  joint  is  exposed  and 
opened,  and  the  condyle  brought  well  into  view. 

The  neck  of  the  condyle  is  now  steadied  by  means  of  a 
small  blunt  hook,  and  is  divided  either  with  a  chisel  or  a  key- 
hole saw. 

The  condyle  is  then  seized  with  forceps,  and  is  twisted  out 
with  the  left  hand,  while  the  surgeon  severs  any  remaining 
connections  with  a  scalpel  held  in  the  right.  Throughout  the 
whole  operation  it  is  important  that  all  instruments  employed 
should  be  kept  close  to  the  bone. 

If  necessary,  a  little  more  bone  at  the  base  or  root  of  the 
condyle  may  be  removed,  or  it  may  be  desirable  to  repeat  the 
operation  upon  the  opposite  side.  The  fibro -cartilage  is  not 
removed. 

A  small  drain  may  be  introduced  and  retained  for  twenty- 
four  hours,  and  the  wound  closed  with  sutures.  Some  slight 
and  quite  temporary  facial  paralysis  may  exist  for  some  days 
after  the  operation. 

The  after-treatment  advised  in  connection,  with  the 
previous  operation  must  be  here  employed. 

Unless  such  treatment  be  perseveringly  followed,  the  con- 
dition is  apt  to  relapse. 

The  results  obtained  have  been  on  the  whole  excellent. 
A  typical  case  is  reported  by  Mr.  Page  of  Newcastle  {Brit. 
Med.  Journ.,  Dec.  10,  1887).  Mr.  Page  has  treated  other  cases 
since  this  date  with  equal  success. 

There  is  nothing  to  commend  the  operation  of  removing 
the  condyle  through  the  mouth  without  external  wound. 
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\mt  VII. 

TENOTOMY, 

INCLUDING  OPERATIONS  FOE  THE  DIVISION  OF  CONTRACTED 
MUSCLES,  LIGAMENTS,  AND  FASCIA. 

The  term  tenotomy  is  applied  very  obviously  to  the  cutting 
of  a  tendon,  and  myotomy  to  the  division  of  a  muscle. 

The  term  myo-tenotomy  has  been  applied  to  such 
operations  as  involve  the  cutting  of  both  muscular  and 
tendinous  fibres,  as  in  the  usual  section  of  the  sterno-mastoid 
muscle.  Mr.  E.  W.  Parker  has  given  to  his  operation  for 
dividing  certain  hgamentous  structures  in  club-foot  the  name 
of  "  Syndesmotomy,"  i.e.,  a  cutting  of  ligament.  Aponeuro- 
tomy  has  been  associated  with  the  division  of  bands  of  con- 
tracted fascia. 

The  first  operation  of  tenotomy  is  ascribed  to  Koonhuysen 
of  Amsterdam,  who  divided  the  sterno-mastoid  tendon  in 
1670  ("  Historische  Heilcuren,"  Niirnberg,  1674,  ob.  xxii.). 
All  the  earlier  operations  were  carried  out  by  the  open 
method.  The  tendon  was  exposed  by  reflecting  the  skm,  and 
was  then  divided. 

Later,  we  find  that  a  knifp  was  introduced  beneath  such  a 
tendon  as  the  tendo  Achillis,  -and  that  that  structure  was 
divided  simultaneously  with  the  skin  that  covered  it. 

Delpech  laid  down  the  principles  of  the  subcutaneous 
method  of  operating  as  practised  at  the  present  day 
(Ghirurgie  Clinique  de  Montpellier,  1823,  t.  L,  page  184). 

It  is  remarkable,  however,  that  he  did  not  carry  out  his 
principles,  for  in  dividing  the  Achilles  tendon  he  made  a  cut 
on  each  side  of  the  tendon  one  inch  in  length. 

Astley  Cooper  ("  On  Dislocations  and  Fractures,"  6th  ed., 
1829,  page  476)  employed  the   subcutaneous  method  for 
dealing  with  contracted  fasciae  in  the  hand, 
w  w 
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To  Stroineyer  is  due  the  main  credit  of  introducing  the 
subcutaneous  method  mto  practice.  He  first  apphed  it  to  the 
Achilles  tendon  in  1831. 

The  history  of  this  subject  is  admirably  dealt  with  in 
Dr.  Little's. " Treatise  on  Club-foot"  (London,  1S39). 

GENERAL  CONSIDERATIONS. 

1.  The  Subcutaneous  Method. —  The  object  of  this 
method  is  tO'  divide  the  tendon  with  the  least  disturbance  of 
the  surrounding  parts,  and  with  the  smallest  possible  division 
of  the  skia.  Air  is.  not  admitted  to  the  deep  wound ;  the  risk 
of  sepsis  is  thus  minimised,  and  the  surface  puncture  heals 
readily  and  surely.  Before  the  introduction  of  the  antiseptic 
method  of  treating  wounds,  the  subcutaneous  operation  was  all- 
essential.  At  the  present  time  it  should  be  carried  out  whenever 
convenient  and  possible.  It  must  be  remembered,  however,  that 
m  the  subcutaneous  operation  the  surgeon  is  cutting  a  httle  in 
the  dark,  and  in  dividing  such  tendons  as  that  of  the  tibialis 
posticus  and  the  sterno-mastoid  considerable  damage  has 
been  uiflicted  by  the  movements,  of  the  invisible  blade 
beneath  the  skin.  This  perhaps  more  especially  applies  to  fat 
infants  and  to  examples  of  extreme  deformity. 

Since  the  conditions  which  rendered  the  subcutaneous 
method  essential  ai'e  now  no  longer  all-important,  it  is  well 
not  to  adliere  too  blindly  to  the  principle  ;  and  m  any  case  in 
which  the  tendon  is.  difficult  to  discover,  and  in  which  its 
relations  with  nerves  and  vessels  are  complex  and  intimate,  it 
is  better  to  return  to  the  open  method  of  the  older  surgeons, 
and  to  expose  the  area  of  the  operation  by  a  free  incision. 

With  these  exceptions  the  subcutaneous  operation  should 
be  always  adopted. 

There  is  no  need  to  draw  the  skin  aside  before  making  the 
puncture  in  order  that  the  woimd  in  the  skin  may  not  cor- 
respond to  the  wound  of  the  deeper  parts  when  the  operation 
is  complete.  Such  a  method  is  embarrassing,  and  adds  a 
needless  difficulty  to  a  simple  procedure.  The  skin,  moreover, 
may  be  unnecessarily  cut  by  the  Imife  against  which  it  is 
strained. 

It  must  not  be  assumed  that  because  the  subcutaneous 
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method  is  employed,  no  care  need  bo  taken  to  ensure  an 
aseptic  environment  for  tlie  little  operation. 

The  parts  should  be  well  scrubbed  with  some  carbolic 
solution ;  the  tenotomes  should  be  absolutely  clean,  and 
should  be  placed  in  a  solution  of  carbolic  acid  before  being 
used. 

2.  The  Use  of  the  Tenotome. — The  tendon  or  band  of 
fascia  to  be  divided  is  usually  unduly  prominent,  or  can  be 
readily  made  distinct.  The  tendon  should,  if  possible,  be  so 
cut  as  to  avoid  opening  a  synovial  sheath. 

The  tenotome  should  be  lightly  held,  as  one  would  hold  a  pen. 
The  sharp-pomted  instrument  is  carefully  introduced  close  to 
the  tendon,  and  makes  a  way  for  the  blunt-pointed  mstrument. 
It  is  essential  that  it  should  make  an  ample  passage  for  the 
blunt-pointed  tenotome,  and  therefore  the  cutting-point  may 
need  to  be  moved  freely  to  and  fro  in  the  region  of  the  tendon. 
If  this  be  not  done,  the  blunt  tenotome  may  have  to  be  forced 
to  its  destination  through  tissues  that  have  been  merely 
punctured. 

The  sharp  tenotome  is  withdrawn,  and  the  blunt  instru- 
ment introduced,  with  the  blade  "  flat " — that  is,  in  a  hne  with 
the  line  of  the  skin  wound. 

The  instrument  should  throughout  be  kept  close  to  the 
tendon  or  band  to  be  divided,  and  care  must  be  taken  to 
avoid  damage  to  adjacent  vessels  or  nerves.  The  breaking  of 
the  point  of  the  tenotome  against  the  bone  is  not  a  very 
infrequent  accident. 

As  the  tenotomes  are  being  introduced  the  tendon  should 
be  only  stretched  to  such  an  extent  as  is  necessary  to  render 
its  position  distinct.  It  needs  to  be  stretched  to  its  utmost 
when  its  fibres  are  being  divided,  but  this  tension  may  be  a 
little  relaxed  as  the  last  strands  are  being  cut.  The  tendon  is 
divided  with  a  sawing  movement ;  it  cuts  with  a  creaking 
sound  or  sensation,  and  yields  finally  with  a  snap.  A 
conmion  source  of  failure  after  this  operation  is  due  to  an 
incomplete  division  of  the  tendon. 

The  left  forefinger  should  be  kept  upon  the  skin  at  the  site 
of  the  operation,  in  order  that  the  movements  of  the  teno- 
tomes beneath  the  integument  may  be  followed  and  guarded. 

It  is  not  usually  desirable  to  do  the  whole  operation  with 
"w  w  2 
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the  sharp  tenotome  only.  In  dealing  with  certain  bands  of 
contracted  fascia  and  some  few  tendons,  the  one  instrument 
may  be  employed.  But  in  most  cases,  especially  when  the 
tendon  is  surrounded  by  tissues  of  importance,  the  two  instru- 
ments should  be  made  use  of— the  sharp-pointed  tenotome  to 
divide  the  skin  and  the  fascia  about  the  tendon,  and  the  blunt- 
pointed  instrument  to  sever  the  tendon  itself. 

This  operation  d  deux  temps  involves  a  little  more  time, 
and  is  a  little  less  brilliant,  but  it  is  safer  and  more 
satisfactory. 

S.  The  After-treatment. — The  operation  is  practically 
bloodless,  and  the  only  dressing  needed  is  a  pledget  of  wool 
dusted  with  iodoform.  In  forty-eight  hours  the  little  puncture 
may  be  considered  to  be  healed. 

The  only  factor  in  the  after-treatment  which  has  been  the 
subject  of  much  difference  of  opinion  has  to  do  with  the 
adjustment  of  the  limb  after  the  tenotomy. 

The  discussion  upon  this  subject  has  been  practically 
limited  to  the  treatment  of  cases  of  club-foot,  and  the  ques- 
tion has  been — Should  the  foot  be  immediately  restored  to  its 
normal  position  after  tenotomy,  or  should  it  be  put  up  for  a 
while  in  the  deformed  or  original  position  ? 

The  following  book  and  papers  bearing  upon  the  matter 
may  be  consulted : — "  Congenital  Club-Foot,  its  Nature  and 
Treatment,"  by  R.  W.  Parker,  1887 ;  and  articles  by  Dr.  R. 
Sayre  (Alabama  Med.  and  Surg.  Journal,  July,  1886),  Mr. 
Howard  Marsh  (Lancet,  Feb.  18th,  1888),  Discussion  on  the 
Operative  Treatment  of  Club-Foot  (British  Medical  Journal, 
Oct.  27th,  1888),  and  a  paper  by  Mr.  Walsham  (Lancet,  May 
19th,  1888).  Mr.  Walsham  gives  the  following  general  review 
of  the  subject,  and  with  his  conclusions  my  own  experience 
leads  me  to  agree : — "  As  regards  the  restoration  of  the 
foot  after  tenotomy,  there  may  be  said  to  be  three  chief 
methods  in  vogue.  (1)  The  slow,  in  which  the  ends  of  the 
tendon  are  placed  in  contact  for  a  few  days,  and  after  union 
has  taken  place  the  new  material  uniting  the  ends  is  slowly 
stretched.  (2)  The  rapid,  in  which  a  slight  interval  is  left 
between  the  ends  of  the  tendon,  and  the  foot  placed  in  plaster 
of  Paris  for  a  week,  after  which  the  plaster  is  reapplied  twice 
or  thrice,  at  intervals  of  about  a  week,  the  foot  on  each  occasion 
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being  forced  into  a  better  position."  (This  method  is  advo- 
cated by  Mr.  Howard  Marsh.)  "And  (3)  the  immediaie 
method,  in  which  a  considerable  space  is  left  between  the  ends 
of  the  divided  tendon,  the  foot  being  at  once  secured  in 
the  normal  position  in  plaster  of  Paris."  Mr.  Walsham  having 
pointed  out  that  the  rapid  method  is  a  great  improvement 
upon  the  slow,  and  that  the  immediate  method  is  a  still 
further  advance  upon  the  rapid,  concludes  as  follows : — "  The 
advantages  of  the  immediate  method,  as  well  as  of  the 
rapid  method  over  the  slow,  are — Great  saving  of  time,  and 
the  doing  away  with  the  necessity  of  an  expensive  extension 
apparatus.  The  disadvantages  attending  the  rapid,  but 
which  do  not  apply  to  the  immediate,  are — That  considerable 
pain  is  often  caused  by  the  force  which  has  to  be  employed  in 
stretching  the  uniting  material  at  each  changing  of  the  plaster, 
and  that  in  severe  cases  the  reparative  material  cannot 
always  be  stretched  sufficiently  to  overcome  the  deformity, 
and  it  is  occasionally  necessary  to  re-divide  the  tendon."  It 
has  been  clearly  shown  that  in  both  the  rapid  and  the  imme- 
diate methods  there  is  no  failure  in  the  uniting  material  which 
joins  the  ends  of  the  divided  tendon,  nor  has  the  uniting  band 
remained  weak  or  elongated.  The  possibility  of  this  occurrence 
has  been  the  main  argument  in  favour  of  the  slow  method. 

The  above  remarks  refer  for  the  most  part  to  infants  and 
children.  In  dealing  with  large  tendons — such  as  the  tendo 
Achillis  in  adults- — it  is  desirable  still  to  adhere  to  the  slow 
method,  to  allow  the  limb  to  remain  for  some  days  or  a  week 
in  the  deformed  attitude,  and  then  to  gradually  correct  the 
false  position.  In  not  a  few  instances  in  which  the  limb  has 
been  adjusted  in  what  may  be  termed  the  normal  position, 
after  the  accidental  rupture  or  division  of  a  large  tendon  in  an 
adult,  the  union  between  the  separated  ends  has  been  feeble 
and  inefficient. 

4.  The  Instruments  Used.  —  Sharp  and  blunt-pointed 
tenotomes,  with  straight  blades,  are  the  only  instruments 
needed.  These  knives  must  vary,  both  in  size  and  strength, 
according  to  the  proportions  of  the  structure  requiring  divi- 
sion. There  should  be  a  mark  upon  the  handle  to  indicate 
the  position  of  the  cutting  edge  when  the  blade  is  out 
of  view. 
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The  sickle-shcaped  tenotomy  knife  is  seldom  used  in  Great 
Britain,  and  figures  in  but  few  English  catalogues. 

PARTICULAR  OPERATIONS. 

Tibialis  Anticus  Tendon.— This  tendon  descends  through 
the  innermost  sheath  of  the  annular  ligament,  and  crossing 
the  ankle-joint,  astragalus,  scaphoid,  and  internal  cuneiform 
bones,  is  inserted  into  the  inner  side  of  the  last-named  bone 
and  the  base  of  the  first  metatarsal  bone.  The  synovial 
sheath  which  accompanies  it  extends  upwards  for  some 
distance  above  the  level  of  the  malleoli.  A  small  bursa  lies 
beneath  the  tendon  as  it  crosses  the  cuneiform  bone. 

This  tendon  is  usually  divided  as  it  is  crossing  the 
scaphoid  bone,  and  consequently  about  one  inch  above  its 
insertion.  At  this  point  it  should  be  free  of  its  synovial 
sheath.  The  dorsalis  pedis  vessels  lie  to  the  outer  side,  with 
the  extensor  proprius  pollicis  tendon  intervening. 

In  cases  of  congenital  club-foot  the  tendon  is  displaced 
inwards,  and  is  nearer  to  the  malleolus.  It  is  readily  made 
prominent. 

Operation. — The  surgeon  stands  on  the  outer  side  of  the 
limb  in  the  case  of  either  tendon.  The  assistant,  who  takes 
his  place  opposite  to  him,  grasps  the  foot  with  one  hand  and 
the  leg  with  the  other.  The  foot  is  held  in  the  position  of  ex- 
tension and  abduction,  and  the  tendon  is  defined.  The  sharp 
tenotome  is  then  entered  vertically  upon  the  outer  side  of  the 
tendon,  and  is  pushed  downwards  until  it  has  reached  a  point 
below  the  level  of  the  tendon.  The  operator's  left  forefinger 
is  kept  over  the  skin  upon  the  plantar  side  of  the  tendon  as  a 
guard  upon  the  instrument.  The  tendon  is  put  on  the  stretch. 
The  sharp  tenotome  is  withdrawn,  and  the  blunt-pointed  one 
inserted  in  its  place.  After  it  has  reached  the  depth  acquired 
by  the  first  instrument  (whose  tract  it  exactly  follows)  the  foot 
is  relaxed,  and  the  blunt  point  is  pushed  nearly  horizontally 
beneath  the  tendon,  and  may  be  felt  on  its  plantar  side.  The 
tendon  is  once  more  put  upon  the  stretch,  and  is  divided  by 
cutting  upwards  towards  the  skin.  The  left  forefinger  lies 
upon  the  skin  over  the  edge  of  the  knife,  and  forms  a  certain 
check  to  its  movement.  The  surgeon  cuts,  indeed,  upon  the 
left  finger,  the  skin  intervening. 
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Tibialis  Posticus  Tendon. — The  tendon  becomes  free  of 
muscular  fibres  about  the  level  of  the  tibio-fibular  articulation. 
It  grooves  the  back  of  the  inner  malleolus,  running  in  the 
innermost  compartment  of  the  internal  annular  ligament. 
Behind  the  malleolus  it  is  invested  in  a  synovial  sheath. 
The  flexor  longus  digitorum  tendon  lies  next  to  it  (to  its  outer 
side),  and  is  provided  with  a  separate  synovial  sheath.  Ex- 
ternal to  this  latter  tendon  run  the  posterior  tibial  vessels. 

The  tendon  is  usually  divided  above  the  point  of  com- 
mencement of  its  synovial  sheath,  i.e.,  about  the  level  of  the 
base  of  the  malleolus,  and  therefore  above  the  inner  annular 
ligament.  The  tendon  is  here  easily  approached,  and  is  at 
some  distance  from  the  blood-vessels.  Weis  and  Velpeau 
recommended  division  of  the  tendon  at  its  insertion  into  the 
scaphoid  bone.  No  advantage  has  been  claimed  for  this 
method,  and  it  is  inapplicable  to  infants. 

The  tendon  has  been  severed  a  little  way  below  the  tip  of 
the  malleolus.  The  selection  of  this  point  is  to  be  con- 
demned. The  synovial  sheath  must  be  opened  ;  the  tendon 
lies  close  to  the  anlde-joint,  and  is  in  more  intimate  relation 
with  the  accompanyiag  blood-vessels  than  it  is  at  the  spot 
usually  selected. 

Operation. — The  surgeon  stands  to  the  outer  side  of  the 
limb  in  the  case  of  either  tendon.  The  assistant  faces  him, 
and  grasps  the  foot  with  one  hand,  and  the  leg  with  the  other. 

The  position  of  the  tendon  is  made  out,  and  the  foot  is 
held  a  little  extended  and  abducted,  and  is  so  turned  as  to 
lie  upon  its  outer  side. 

The  surgeon  seeks  for  that  point  on  the  inner  surface  of 
the  tibia  where  the  malleolus  joins  the  shaft  of  the  bone. 
He  reaches  this  point  by  following  the  posterior  margin  of 
the  malleolus.  The  spot  in  question  will  be  about  a  finger's 
breadth  above  the  tip  of  the  malleolus  in  the  infant,  and 
about  one  and  a  half  to  two  inches  above  that  process  in 
the  adult.  It  is  really  on  the  shaft,  and  is  above  what  would 
be  called,  anatomically,  the  base  of  the  malleolus. 

The  surgeon  fixes  his  left  thumb-nail  upon  the  margin 
of  the  bone,  and  enters  the  sharp  tenotome  vertically  between 
the  tibia  and  the  tendon,  using  the  nail  as  a  guide.  The 
instrument  should  be  kept  as  near  as  possible  to  the  bone. 
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If  properly  inserted  it  will  remain,  as  Mr.  Heath  has  pointed 
out,  fixed,  without  any  support  of  the  hand.  The  tendon 
should  not  bo  too  tightly  stretched  at  this  stage  of  the 
023cration. 

The  fascia  about  the  tendon  should  be  freely  divided  by 
moving  the  point  of  the  instrument  to  and  fro,  but  without 
enlarging  the  skui-wound.  Unless  this  be  done,  a  proper 
way  may  not  be  made  for  the  blunt-pointed  instrument. 

As  the  sharp  tenotome  is  withdrawn  the  blunt  one  is 
introduced— the  edge  is  turned  towards  the  tendon,  the 
tendon  is  put  upon  the  stretch  and  is  divided  by  cutting 
from  the  bOne.  The  left  forefinger,  placed  over  the  site  of 
the  tendon,  forms  a  guide  and  a  guard.  The  tendon  of  the 
flexor  longus  digitorum  is  usually  cut  at  the  same  time,  and 
is  often  divided  unconsciously. 

The  assistant  should  judiciously  relax  the  strain  upon 
the  tendon  as  its  fibres  are  divided. 

It  is  obvious  that  if  little  care  be  taken  the  knife  may 
cut  through  both  the  tendons,  as  through  tightly-drawn  cords, 
and  may  wound  the  main  artery  beyond. 

If  the  blood-vessels  should  be  divided,  well-adjusted 
pressure  must  be  at  once  applied  to  the  spot. 

Singularly  little  trouble  appears  to  have  supervened  in 
examples  of  this  accident. 

The  position  of  the  tendon  may  be  difficult  to  make  out 
in  a  case  of  talipes  varus  in  an  infant,  and  in  connection 
Avith  this  point  the  following  observations  by  Dr.  Little  may 
be  quoted : — "  When  the  surgeon  cannot  feel  the  tendon,  it 
is  practically  quite  sufl^icient  to  make  out  the  inner  edge 
of  the  tibia,  about  a  finger's -breadth  above  the  lower  end 
of  the  inner  malleolus  ;  or  should  there  be  any  difficulty  in 
definmg  this  ridge  of  bone  in  consequence  of  the  fatness  of 
the  limb,  the  careful  insertion  of  the  knife  exactly  midway 
between  the  anterior  and  posterior  borders  of  the  leg,  on 
its  inner  aspect,  will  be  an  exact  guide  to  the  position  of 
the  tendon,  not  forgetting,  as  anatomy  teaches  us,  that  an 
incision  made  a  little  in  front  of  this  line  might  wound 
the  internal  saphenous  vein  and  nerve  ;  and  if  made  behind, 
would  run  the  risk  of  dividing  the  flexor  communis  digit- 
orum, instead  of  the  tibialis  j)Osticus ;  or  the  knife  might 
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even  pass  posterior  to  the  former  tendon,  and,  if  carried 
deep  enough,  might  womid  the  artery  and  nerve  without 
touching  any  tendon  whatever." 

Plantar  Fascia,  Muscles  and  Ligaments  of  the  Sole  of 
the  Foot. 

These  operations  are  concerned  principaUy  with  cases  of 
congenital  talipes  varus,  and  notably  with  such  examples  as 
are  associated  with  considerable  incurving  of  the  sole.  In 
the  practice  of  some  surgeons  these  plantar  operations  con- 
stitute the  sole  operative  treatment  of  club-foot,  if  exception 
be  made  of  tenotomy  of  the  tendo  Achillis. 

The  plantar  fascia  consists  of  a  central  and  of  two  lateral 
portions.  The  central  part— which  was  originally  the  plantar 
portion  of  the  plantaris  tendon — is  the  segment  dealt  with. 
Its  great  density  is  well  Imown.  It  splits  up  into  slips  for 
the  toes  in  front,  while  behind  it  becomes  much  narrowed, 
and  is  attached  to  the  inner  tubercle  of  the  os  calcis. 

It  is  closely  connected  with  the  flexor  brevis  digitorum 
muscle,  which  it  covers.  The  ultimate  fibres  of  this  fascia 
are  intimately  associated  with  the  skm. 

Simiole  Division  of  the  Plantar  Fascia.— The  sole  of  the 
foot  is  well  exposed,  and  the  limb  is  firmly  held  by  an  assist- 
ant. The  resisting  bands  of  the  plantar  fascia  are  made 
out  by  putting  the  parts  upon  the  stretch.  The  part  usually 
divided  will  be  a  little  in  front  of  the  attachment  of  the 
fascia  to  the  os  calcis,  or  close  to  the  transverse  markings 
near  the  heel,  which  are  conspicuous  in  severe  talipes  varus 
(Fig.  220). 

A  very  fine,  narrow,  and  short-bladed  tenotome  is  em- 
ployed, and  is  introduced  between  the  fascia  and  the  skin. 
The  edge  having  been  turned  towards  the  resisting  band,  it 
is  divided  by  cutting  towards  the  depths  of  the  sole,  i.e., 
away  from  the  skin. 

The  depth  to  which  the  cutting  is  continued  must  depend 
upon  the  thickness  of  the  contracted  tissue. 

The  surgeon  would  naturally  avoid  points  where  the  fascia 
has  become  closely  attached  to  the  skin. 

As  a  rule  the  contracted  tissue  will  need  to  be  severed 
at  several  points,  and  these  nmltiple  punctures  are  more 
efficacious  than  one  single  incision. 
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Buchavan's  Operation. — The  following  method  is  adopted 
by  Dr.  Buchanan  of  Glasgow.  The  proceeding  is  applied  to 
Cases  of  talipes  varus  in  children,  "  in  which  the  abnormal 

position  of  the  bones  is  maintained 
by  such  a  degree  of  tension  and 
rigidity  of  the  soft  parts  as  renders 
reduction  by  hand  practically  nu- 
possible  without  the  division  of  the 
offending  structures." 

The  following  is  Dr.  Buchanan's 
description  : — "  The  sections  I  find 
it  usually  necessary  to  make  are  first, 
always,  the  tendo  Achillis,  to  reheve 
the  equinus  part.  I  never  divide 
the  tibialis  posticus  behind  the  ankle, 
being  satisfied  that  such  a  muscle, 
as  well  as  all  the  other  muscles 
arising  in  the  leg  and  inserted  into 
the  foot,  can  be  stretched  by  suffi- 
cient manipulation  ;  but,  secondly, 
the  structures  which  do  maintain  the 
incurved  form  of  the  foot,  the  plantar 
fascia  and  the  muscular  substance 
attached  to  it — namely,  the  abductor 
pollicis  and  the  adjoining  half  of  the 
flexor  brevis  digitorum  ;  probably  also  the  part  of  the  deep  plan- 
tar ligament  which  binds  the  astragalus  to  the  scaphoid  and 
other  bones  distal  to  it.  In  order  to  divide  these,  which  I  con- 
sider the  most  resisting  tissues,  I  enter  a  tenotomy  knife  at  the 
inner  edge  of  the  foot  opposite  the  tuberosity  of  the  scaphoid 
bone,  pass  it  flatly  superficial  to  the  plantar  fascia  till  the 
point  reaches  the  middle  of  the  sole  of  the  foot ;  I  now  turn 
the  edge  of  the  knife  vertical,  elevate  the  handle  to  depress 
the  point,  and  cut  through  and  through  the  plantar  fascia 
and  the  muscles  underneath  it  till  the  point  is  over  the 
articulation  between  the  head  of  the  astragalus  and  cup  of 
the  scaphoid  bone.  Here  the  point  is  made  to  cut  through 
the  tendon  of  the  tibialis  posticus  proximal  to  its  insertion 
into  the  scaphoid  tuberosity,  and  by  the  same  cut  the  deep 
ligamentous  fibres  are  divided,  thus  completely  freeing  the 


Fig.  220. — SOLE  OF  THE  FOOT 
IN  TALIPES  VAEUS,  TO  SHOW 
THE    CBEASES    ON   THE  SKIN. 

{Modijivd from  li.  IF.  Farkcr.) 
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astragcalo-scaphoid  ball-and-socket  joint,  which  is  really  the 
one  on  which  the  incurvation  of  the  foot  hinges.  In  doing 
this  the  external  plantar  nerve  is  wounded,  but  in  my 
experience  it  always  unites — at  least,  never  loses  its  function. 
So  also  the  internal  plantar  artery  is  divided ;  but  it  is  a 
small  vessel,  and  never  gives  trouble,  the  foot  being  nourished 
by  the  deep  plantar  arch  fi-om  the  external  plantar  artery. 
In  my  o^vn  experience,  involvmg  a  large  number  of  opera- 
tions, and  in  the  practice  of  others  who  adopt  my  operation, 
including  most  of  those  who  have  been  educated  in  this 
university  and  others  who  have  read  my  papers,  not  an 
accident  has  ever  occurred  from  this  somewhat  heroic 
incision  ;  but  it  has  been  attended  with  most  fortunate 
results  "  {Brit.  Med.  Journ.,  October  27,  1888).  This  opera- 
tion is,  as  the  author  observes,  heroic,  and  will  probably  not 
commend  itself  to  cautious  surgeons. 

Parkers  Operation — Syndesmotomy. — In  cases  of  con- 
genital talipes  varus  in  children  Mr.  R.  W.  Parker  is  disposed 
to  attach  much  more  importance  to  the  division  of  ligaments 
and  the  plantar  fascia  than  to  pure  tenotomy.  "With  the 
exception  of  the  tendo  Achillis,"  he  writes,  "  I  think  tenotomy 
in  club-foot  might  be  almost  abandoned  as  a  separate  and 
independent  operation.  The  two  other  tendons  most 
frequently  cut  are  the  tibials,  anterior  and  posterior.  I 
believe,  if  it  is  necessary  to  divide  them,  that  it  should  be 
done  simultaneously  with  the  ligaments  with  which  they 
are  closely  associated,  and  this  is  most  advantageously 
done  at  or  near  their  insertions,  where  they  spread  out  as 
fibrous  expansions  closely  blended  with  the  capsular  liga- 
ments connecting  the  head  of  the  astragalus  with  the 
scaphoid,  the  scaphoid  with  the  internal  cuneiform,  and  this 
latter  with  the  base  of  the  first  metatarsal  bone,  all  these 
joints  bemg  much  approxunated  by  the  incurvation  of  the 
inner  border  of  the  foot."  This  hgamentous  tissue  Mf. 
Parker  calls  the  astragalo-scaphoid  capsule,  and  he  en- 
deavours to  combine  a  division  of  it  with  simultaneous 
division  of  the  two  tibial  tendons.  He  terms  the  operation 
"  Syndesmotomy." 

The  site  chosen  for  this  combined  section  of  ligaments  and 
tendons  is  a  spot  a  httle  below  and  in  front  of  the  tip  of  the 
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innor  malleolus,  over  the  site  of  the  astragalo-scaphoid  joint, 
and  in  the  situation  of  the  transverse  mark  near  the  heel 
which  is  to  be  observed  in  severe  talipes  (Fig.  220).  Two 
tenotomes  are  needed — an  ordinary  sharp-pointed  tenotome, 
and  a  curved  one  of  sickle  shape  with  a  cutting  edge  about 
half  an  inch  in  length. 

The  Operation. — The  foot  is  so  placed  as  to  fidly  expose 
its  inner  border,  and  is  firmly  held;  the  position  of  the 
tendons  and  the  arteries  is  made  out  so  far  as  is  possible. 

At  the  spot  above  mentioned  the  sharp  tenotome  is 
entered.  It  should  enter  in  front  of  the  bifurcation  of 
the  posterior  tibial  artery,  and  behind  the  posterior  tibial 
tendcm.  The  knife  is  pushed  forwards  and  outwards 
under  the  skin  until  a  spot  on  the  dorsum  is  reached 
just  internal  to  the  anterior  tibial  artery.  The  sharp 
instrument,  which  has  made  a  tract  merely,  is  withdrawn. 
The  curved  tenotome  is  now  inserted  flat-wise  under  the  skin, 
and  follows  the  subcutaneous  course  already  uiade  until  its 
point  can  be  felt  over  the  tibialis  anticus  tendon.  The  edge  is 
turned  towards  the  tendon,  and  is  made  to  cut  to  the  bone. 
It  severs  the  tendon,  and  as  it  is  withdrawn  is  made  in  like 
manner  to  cut  the  dense  ligamentous  tissue  already  described. 
J ust  as  it  is  being  withdrawn  it  is  made  to  sever  the  tendon 
of  the  tibialis  posticus. 

During  the  introduction  of  the  instruments  the  foot  is 
relaxed.  During  the  cutting  of  the  tissues  it  is  put  upon  the 
stretch,  and  the  yielding  of  the  divided  ligaments  and  tendons 
is  made  very  evident. 

Although  the  internal  saphenous  vein  must  lie  across  the 
incision,  the  bleeding  is  usually  quite  insignificant. 

This  operation  has  been  extensively  adopted,  and  has  been 
attended  with  a  considerable  degree  of  success.  It  has  an 
advantage  over  the  procedure  advised  by  Dr.  Buchanan  in  so 
far  as  it  is  more  precise  and  less  heroic.  Now  that  the  treat- 
ment of  wounds  is  conducted  upon  precise  and  successful 
principles,  there  is  no  reason  why  the  subcutaneous  method 
should  be  adhered  to  in  this  or  alHed  operations. 

The  parts  to  be  severed  might  be  exposed  by  turning  up  a 
small  flap  of  skin,  which  could  be  replaced  and  secured  by 
sutures  after  the  division  had  been  completed. 
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Tendo  Achillis. — This  very  powerful  tendon  measures  in 
the  adult  some  four  and  a  half  inches  in  length,  three-quarters 
of  an  inch  in  breadth,  and  a  quarter  of  an  inch  in  thick- 
ness. 

It  is  best  divided  at  its  narrowest  part,  i.e.,  about  one  inch 
above  its  insertion. 

Operation. — The  patient  may  lie  upon  the  back,  with  the 
body  a  little  rolled  over  towards  the  afl'ected  side. 

The  foot  is  so  turned  as  to  lie  entirely  upon  its  outer 
side,  and  a  small  cushion  placed  beneath  the  lower  part  of  the 
leg  will  carry  the  heel  off  the  table. 

The  surgeon  stands  to  the  outer  side  of  the  limb,  in  the 
case  of  both  the  right  and  the  left  foot. 

An  assistant  standing  by  his  side  holds  the  foot.  Another 
assistant  may  steady  the  leg. 

The  tendon  having  been  defined  is  rendered  a  httle  tense, 
but  is  not  fully  stretched.  The  sharp  tenotome  is  entered 
verticall}'-  at  the  inner  margin  of  the  tendon,  and  is  pushed 
downwards — in  the  present  position  of  the  foot — until  it  has 
reached  the  outer  side  of  the  tendon,  where  its  ]Doint  can  be 
indistinctly  felt.  The  sharp-pomted  instrument  is  now 
replaced  by  the  blunt,  which  follows  the  tract  already  made 
until  its  point  can  in  turn  be  detected  through  the  skin. 
The  instrument  must  be  kept  very  close  to  the  tendon.  The 
tendon  is  now  put  well  upon  the  stretch,  and  the  cutting 
edge  having  been  turned  towards  the  surface,  the  tense  cord  is 
divided  with  a  sawing  movement,  the  left  forefinger  resting 
upon  the  skin  over  the  site  of  the  operation. 

The  divided  ends  separate  Avith  a  snap,  and  unless  care  be 
taken  just  at  the  time  when  the  tendon  gives  way,  the 
integuments  covering  it  may  be  divided  by  the  suddenly- 
liberated  knife. 

The  short  saphenous  vein  lies  very  near,  and  usually  just 
anterior  to,  the  outer  margin  of  the  tendon.  The  nerve  which 
accompanies'  it  is  as  a  rule  anterior  to  the  vein  at  a  point  one 
inch  above  the  heel.  The  only  structure  in  near  relation  to 
the  inner  border  of  the  tendon  is  the  unimportant  calcaneo- 
plantar  nerve. 

Nothing  but  the  grossest  clumsiness  could  place  the 
posterior  tibial  vessels  in  danger. 
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The  beginner  is  apt  to  fall  into  two  errors.  In  the  first 
place,  he  does  not  push  the  knife  far  enough  towards  the  outer 
side,  and  as  a  result  leaves  the  most  external  fibres  of  the 
tendon  undivided;  or,  on  the  other  hand,  in  his  anxiety  to 
keep  close  to  the  tendon,  he  may  thrust  the  sharp  instrument 
through  its  deeper  fibres,  which  at  the  completion  of  the 
operation  are  left  uncut. 

Some  surgeons  let  the  patient  lie  upon  the  face,  with  the 
foot  overhanging  the  end  of  the  table.  They  sit  to  operate, 
and  having  introduced  the  tenotome  upon  either  the  inner  or 
the  outer  side,  cut  upwards. 

Peroneus  Longus  and  Brevis. — The  tendons  of  the  two 
peronei  pass  down  in  the  hollow  behind  the  outer  malleolus, 
and  form  a  groove  upon  that  process  of  bone.  Behind  the 
malleolus  they  are  contained  in  the  same  fibrous  and  synovial 
sheath  beneath  the  annular  ligament.  The  tendon  of  the 
peroneus  brevis  is  placed  next  to  the  fibula  as  it  turns  below 
that  bone.  The  tendon  of  the  peroneus  longus  muscle  is  the 
more  superficial  of  the  two.  They  are  both  very  close  to  the 
bone.  On  the  outer  side  of  the  os  calcis  the  tendons  separate 
and  acquire  separate  synovial  sheaths. 

Operation. — Both  tendons  are  usually  divided  together  at 
a  point  about  one  inch  and  a  half  above  the  tip  of  the 
malleolus.  The  section  if  made  here  will  be  above  the 
synovial  sheath.  The  patient  is  rolled  over  upon  the  sound 
side,  and  the  foot  is  so  placed  that  it  rests  upon  its  inner 
surface,  with  the  outer  aspect  uppermost.  A  firm  cushion  is 
placed  under  the  lower  part  of  the  leg,  and  the  foot  is  ex- 
tended over  it.  An  assistant  steadies  the  foot  and  leg.  The 
tenotome  is  introduced  at  the  spot  mentioned,  is  inserted  close 
to  the  fibula,  between  the  bone  and  the  tendons,  and  has  to  be 
carried  a  little  obliquely.  The  peronei  are  rendered  slack 
when  the  instrument  is  being  introduced. 

When  the  blunt-pointed  tenotome  is  in  position,  the  foot 
should  be  so  held  as  to  put  the  tendons  upon  the  stretch,  and 
they  are  divided  by  cutting  from  the  bone,  the  skin  being 
guarded  in  the  usual  way. 

The  short  saphenous  vein  and  nerve  are  posterior  to  the 
tendons  at  the  place  of  election,  and  will  not  be  endangered 
if  the  tenotome  be  kept  close  to  the  bone.    The  vein  may  be 
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damaged  if  the  whole  operation  be  carried  out  with  a  sharp- 
pointed  instrument. 

If  it  be  necessary  to  divide  one  tendon  and  not  the  other, 
the  two  structiu"es  should  be  exposed  through  a  small  incision, 
and  the  selected  tendon  drawn  forwards  and  divided.  The 
elaborate  methods  given  for  the  subcutaneous  division  of  a 
single  tendon  behind  the  malleolus  are  of  no  practical  value. 

If  one  or  both  of  the  peronei  be  divided  below  the 
malleolus,  it  is  as  well  to  expose  the  tendons  through  a  small 
incision,  rather  than  cut  blindly  with  a  hidden  knife.  The 
peroneus  brevis  in  the  foot  lies  above  the  peroneus  longus. 

Extensor  Longus  Digitorum  and  Peroneus  Tertius.— 
The  extensor  tendons  can  be  conveniently  divided  in  front 
of  or  just  below  the  ankle.  In  the  latter  situation  there  is 
greater  risk  of  injuring  the  dorsalis  pedis  artery. 

The  patient  lies  upon  the  back,  with  the  foot  extended. 
The  surgeon  places  himself  to  the  inner  side  of  the  Hmb.  An 
assistant  grasps  the  leg  and  foot.  The  tenotome  is  entered 
upon  the  inner  side,  between  the  tendon  of  the  extensor 
proj)rius  pollicis  and  the  tendons  to  be  divided. 

The  usual  precautions  are  observed.  The  blade  is  guided 
beneath  the  tendons,  and  the  operator  cuts  towards  the  skin. 
The  assistant  should  take  more  care  to  prevent  the  foot  from 
falling  suddenly  after  the  tenotomy  than  to  put  the  tendons 
upon  the  stretch  durmg  the  section. 

The  knife  must  be  kept  close  to  the  tendons,  and  as  super- 
ficial as  possible. 

At  the  ankle  the  anterior  tibial  vessels  lie  beneath  the 
extensor  proprius  polhcis.  On  the  dorsum  of  the  foot  the 
artery  lies  to  the  outer  side  of  that  tendon. 

If  the  knife  be  not  allowed  to  pass  deeply,  the  blood-vessels 
are  in  no  great  danger. 

Hamstring  Tendons.— The  biceps  tendon  can  be  very 
readily  felt  upon  the  outer  side  of  the  popliteal  space.  Just 
behind  it,  and  along  its  inner  border,  lies  the  peroneal  nerve, 
which  can  be  easily  defined  and  rolled  under  the  finger. 

Of  the  semi-tendinosus  and  semi-membranosus,  the  former 
tendon  is  the  nearer  to  the  middle  line  of  the  space,  is  more 
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superficial,  more  distinct,  and  more  cord-likc.  The  latter 
tendon  is  the  most  deeply  placed  of  the  three  hamstrings,  and 
is  of  large  size. 

These  tendons  are  most  conveniently  severed  just  above 
the  line  of  the  knee-joint,  and  on  a  level  Avith  the  most 
prominent  part  of  the  condyles  of  the  femur. 

Biceps. — The  patient  should  he  as  far  as  possible  upon  the 
face,  so  that  the  popliteal  space  might  be  well  exposed. 

The  surgeon  may  stand  upon  the  inner  side  of  the  limb  in 
the  case  of  cither  the  right  or  the  left  tendon.  If  he  place 
himself  to  the  outer  side  of  the  extremity,  he  will  face  the 
patient  when  dealing  with  the  left  leg,  and  have  his  back  to 
the  patient  when  dealing  with  the  right. 

The  leg  is  steadied  by  an  assistant.  With  a  sharp-pointed 
tenotome  a  pimcture  is  made  directly  over  the  tendon,  and 
the  instrument  is  passed  vertically  downwards  on  the  inner 
side  of  the  tendon,  and  is  withdrawn  when  it  has  passed,  a 
little  way  beyond  it. 

The  blunt  point  is  now  introduced,  and  following  the  same 
line  is  passed  vertically  between  the  tendon  and  the  nerve. 
When  it  has  just  passed  beyond  the  tendon,  the  blade  is 
turned  outwards,  the  handle  brought  as  nearly  horizontal  as 
possible,  and  the  point  passed  beneath  the  biceps  until  it  may 
be  felt  upon  the  outer  side. 

The  tendon  is  then  divided  by  cutting  towards  the  skin, 
which  is  guarded  with  the  left  forefinger  in  the  usual  way. 
During  the  introduction  of  the  tenotomes  and  the  cutting  of 
the  tendon  the  biceps  should  be  kept  upon  the  stretch.  As 
the  knife  is  Avithdrawn  the  limb  should  be  flexed. 

If  care  be  not  taken,  the  knife  may  sUp  through  the  skin 
when  the  tendon  gives  with  a  snap. 

In  the  conditions  for  which  this  operation  is  usually 
performed  the  contracted  biceps  tendon  is  drawn  away  from 
the  nerve,  and  a  wider  interval  than  the  normal  separates  the 
two  structures. 

After  the  tenotomy  the  nerve  may  spring  into  view, 
and  may  be  mistaken  for  an  undivided  portion  of  the 
tendon. 

Both  in  the  class-room  and  m  practice  I  have  seen  a 
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prominent  and  cord-like  ilio-tibial  band  divided  in  the  place 
of  the  biceps. 

In  some  thin  and  muscular  subjects  the  lower  portion  of 
this  fascial  band  may  feel  very  tendon-like. 

Numerous  contracted  bands  of  fascia  may  come  into 
view  after  tenotomy  of  the  biceps  for.  contracted  knee.  Some 
may  need  division.  They  are,  however,  better  left  alone, 
as  they  usually  yield  under  extension,  and  in  dealing  with 
them  by  tenotomy  unexpected  vessels  may  be  wounded. 

Semi-tendinosus  and  Semi-membranosus.  —  The  same 
observations  as  have  been  applied  to  the  biceps  apply 
generally  to  these  tendons.  They  are  most  conveniently 
divided  exactly  opposite  the  spot  selected  for  tenotomy  of 
the  biceps. 

The  tenotome  is  introduced  upon  the  outer  side  of  the 
tendon,  and  is  passed  beneath  it.  The  steps  of  the  little 
operation  need  not  be  repeated. 

In  one  case  Mr.  Jacobson  met  with  "most  profuse" 
htemorrhage  in  dividing  the  semi-membranosus  tendon  in  a 
girl  of  sixteen.  He  considered  that  the  bleeding — which  was 
checked  by  pressure — jiroceeded  from  the  superior  internal 
articular  artery. 

TREATMENT  OF  DUPUYTREN's  CONTRACTION. 

The  exact  anatomy  of  the  palmar  fascia  should  be  borne 
in  mind,  and  especially  the  manner  in  which  the  digital 
processes  of  the  fascia  are  disposed  of,  and  the  connections  of 
the  ultimate  slips  of  the  fascia  with  the  integument  of  the 
fingers. 

The  pathology  of  Dupuytren's  contraction  need  not  here 
be  dwelt  upon.  It  is  for  the  relief  of  this  condition  that 
division  of  the  palmar  fascia  is  usually  practised. 

There  are  two  methods  of  dealing  with  the  contracted 
bands — the  subcutaneous  method  and  the  open  method. 
They  are  illustrated  by  the  two  operations  described  below. 

1.  Adams'  Operation. — This  consists  in  the  division  of 
the  bands  of  fascia  by  the  subcutaneous  method,  the  sections 
being  made  at  many  points.  The  treatment  of  Dupuytren's 
contraction  by  subcutaneous  division  of  the  bands  of  fascia 
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ajopears  to  have  originated  with  Sir  Astley  Cooper.  In  his 
work  on  "  Dislocations  and  Fractures  "  (New  Ed.,  1842,  page 
511),  he  writes  : — "When  the  pahnar  aponeurosis  is  the  cause 
of  the  contraction,  and  the  contracted  band  is  narrow,  it  may 
with  advantage  be  divided  by  a  pointed  bistoury,  introduced 
through  a  very  small  wound  in  the  integument.  The  finger 
is  then  extended,  and  a  splint  is  applied  to  preserve  it  in  a 
straight  position." 

The  fingers  usually  concerned  in  the  contraction  are  the 
ring  and  little  fingers. 

Opera  fiov. — A  very  fine  and  narrow  tenotome  is  em- 
ployed, Avhich  is  introduced  between  the  skin  and  the  fascia, 
and  is  made  to  divide  the  band  by  cutting  towards  the  depths 
of  the  palm,  i.e.,  from  the  skin.  The  points  selected  for  the 
operation  are  spots  where  the  skin  of  the  palm  is  free  from 
attachment  to  the  fascia.  The  knife  is  introduced  at  rigfht 
angles  to  the  line  of  the  contracted  band,  and  the  bent 
fingers  are  put  well  upon  the  stretch  when  the  section  is 
being  made. 

Care  must  be  taken  not  to  dip  the  point  of  the  tenotome 
into  the  deeper  parts  of  the  palm,  and  to  divide  the  fascia, 
and  the  fascia  only.  The  situation  of  the  palmar  arteries 
must  of  course  be  regarded. 

Multiple  punctures  are  needed.  In  an  ordinary  case — in 
which  two  fingers  are  mvolved — from  six  to  nine  punctures 
will  usually  be  required. 

These  punctures  concern  the  palmar  bands,  and  it  is  easy, 
by  dividing  them,  to  overcome  the  flexion  of  the  metacarpo- 
phalangeal joints.  The  contraction  that  may  remain  in  the 
fingers,  and  that  will  be  limited  to  the  first  inter-phalangeal 
joint,  is  not  so  easily  corrected.  It  may  be  relieved  by  minute 
subcutaneous  divisions  of  the  fascia,  carried  out  with  great  care 
in  the  region  of  the  web.  It  is  needless  to  say  that  with  the 
fascial  bands  in  this  position  the  digital  arteries  and  nerves 
•are  closely  associated. 

The  attempt  to  overcome  at  once  all  deformity  of  the 
finger  should  not  be  pressed  too  far,  but  Adams'  spHnt,  Avith 
rack-and-pinion  movements  opposite  the  metacarpo-phalan- 
geal  and  inter-phalangeal  joints,  should  be  applied,  and  the 
deformity  be  gradually  overcome. 
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In  any  case  a  splint  must  be  worn  for  many  weeks.  The 
little  pimctm*es  are  dusted  with  iodoform,  and  dressed  with 
cotton-wool. 

In  severe  instances  of  the  deformity  a  digital  nerve  has 
been  either  divided  or  torn,  with  the  result  that  much  pain 
has  followed,  or  a  little  sloughing  has  occurred  at  the  tip  of 
the  finger. 

This  operation  has  afforded  very  fair  results,  but  it  has 
been  followed  by  a  tendency  to  relapse,  and  so  far  as  my  own 
experience  goes  is  neither  so  successful  nor  so  sure  as  the 
treatment  by  the  open  method  about  to  be  described.  This 
point  is,  however,  discussed  more  fully  on  page  773. 

2.  Hardie's  Modification  of  Goyraud's  Operation. — 
Goyraud  (Schmidt's  J'a/ir&iic/ter,  1835,  page  248)  made  a  longi- 
tudinal incision  in  the  skin  in  the  long  axis  of  the  contracted 
band,  which,  when  exposed,  was  divided  transversely.  This 
ojieration  was  an  improvement  upon  the  open  method  of 
Dupuytren,  who  divided  both  skin  and  fascia  by  a  simple 
transverse  cut.  It  followed  that  when  the  deformity  was 
corrected  the  wound  gaped  very  considerably,  and  was,  indeed, 
drawn  quite  asu^ider. 

The  following  is  Mr.  Hardie's  description  {Med.  Chron., 
vol.  i.,  page  9) : — 

"  Esmarch's  tourniquet  having  been  applied,  an  in- 
cision is  begun  half  an  inch  above  the  principal  transverse 
fold  of  the  palm,  immediately  over  the  tense  bridle  of  fascia 
proceeding  to  the  finger  mamly  involved.  This  is  carried 
along  the  bridle  to  a  little  beyond  the  base  of  the  last 
phalanx  which  is  affected.  The  lips  of  the  incision  having 
been  opened  up,  the  Imife  is  then  carried  close  to  the 
bridle  along  its  whole  extent,  so  as  to  separate  from  it  the 
adjacent  skin,  cellular  tissue,  and  fat,  first  on  one  side,  and 
then  on  the  other.  In  doing  this,  it  is  necessary  to  go 
some  depth  near  the  upper  end  of  the  incision,  so  as  to 
divide  the  little  bands  which  attach  the  web  of  the  finder 
to  the  processes  of  fascia  inserted  into  the  sides  of  the  first 
phalanx.  This  dissection  having  been  completed,  the  tense 
bridle  of  fascia,  now  almost  isolated,  is  cut  across  at  the 
upper  end  of  the  incision.  This  immediately  permits  of 
an  almost  complete  extension  of  the  first  phalanx.  Further 
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transverse  incisions  are  then  made  opposite  the  middle  of 
the  first  and  second  phalanges,  as  the  case,  may  require. 
The  knife  is  then  applied  to  any  portion  of  the  fascia  that 
seems  to  prevent  complete  extension  of  the  fingers.  Some 
portions  may  then  ajDpear  to  be  so  much  isolated,  or  may 
project  so  much,  that  they  may  be  cut  out  entirely.  The 
other  fingers  of  the  same  hand  are  then,  in  their  turn, 
similarly  treated.  Complete  capability  of  immediate  ex- 
tension is  to  be  secured.  The  tourniquet  is  then  ren)oved, 
but  although  the  bleeding  will  be  very  smart,  it  is  not  likely 
that  any  vessels  will  be  seen  which  can  be  secured. 

"  I  then  lay  a  catgut  or  horse-hair  drain  along  the  extent 
of  the  wound,  and  bring  the  edges  of  the  latter  accurately 
together  with  silver  wire.  A  large  pad  of  antiseptic  dressing 
is  applied,  and  the  fingers  are  bandaged  to  a  straight  splint. 
I  regret  to  have  to  use  a  drain,  but  the  bleeding  is  so  free 
that  I  think  it  a  desirable  precaution.  It  should  be  re- 
moved next  day,  and  the  dressing  re-applied  so  as  to  exert 
some  pressure  on  the  part.  Should  nothing  untoward  occur, 
it  should  be  left  undisturbed  for  a  week,  when  it  is  to  be 
expected  that  sound  union  will  have  taken  place.  The 
stitches  are  removed,  and  subsequent  treatment  will  consist 
in  manipulation  of  the  fingers  and  the  use  of  the  splint 
for  two  or  three  weeks  longer." 

I  have  carried  out  this  operation  in  five  cases,  with  a 
perfectly  satisfactory  result  in  each  instance.  I  do  not  apply 
a  tourniquet,  and  believe  that  in  consequence  of  the  after- 
oozing  it  does  not  affect  the  loss  of  blood.  The  bleeding 
is  not  inconsiderable,  but  it  ceases  readily.  I  have  never 
found  it  necessary  to  use  a  drain.  T  have  in  each  case 
excised  the  bar  of  contracted  fascia,  or  as  much  of  it  as 
was  easily  and  safely  removed.  I  have  found  that  it  is 
scarcely  possible  to  adjust  the  edges  of  the  wound  accurately. 
The  incision  usually  gapes  a  little.  It  heals  slowly  but 
soundly,  and  without  any  noticeable  degree  of  suppuration. 
There  is  generally  a  little  area  left  which  closes  by  granula- 
tion. Catgut  or  fine  silkworm-gut  sutures  Avere  employed 
in  each  instance.  The  wound  was  well  dusted  with  iodoform 
and  dressed  with  a  sponge.  The  splint  was  in  each  of  the 
cases  worn  for  a  month.    After  that  period  the  patient  was 
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advised  to  rub  and  knecad  the  affected  palm  and  fingers 
daily,  and  to  frecjucntly  practise  passive  and  active  extension 
of  the  involved  digits. 

The  most  strict  antiseptic  precautions  should  be  observed 
throughout. 

Comment. — Of  the  two  operations  the  latter  is  cer- 
tainly the  more  severe.  It  carries  with  it  such  slight 
risks  as — at  the  present  day— attend  an  open  wound.  The 
healing  of  the  wound  may  be  slow.  There  may  be  some 
swelling  of  the  hand,  and  some  pain.  These  are  perhaps 
the  main  arguments  against  the  measure.  On  the  other 
hand,  there  are  advantages  attending  an  open  wound.  The 
surgeon  does  not  cut  in  the  dark,  the  operation  area  is  well 
exposed,  and  the  contracted  bands  can  not  only  be  divided 
with  ease  and  certainty,  but  can  be  entirely  removed.  The 
sldn,  moreover,  is  very  freely  liberated  over  the  whole  of  the 
affected  district.  The  after-treatment  is  comparatively  simple 
and  of  short  duration.  The  results  so  far  appear  to  have 
been  eminently  satisfactory. 

In  Adams'  operation  the  actual  operative  measure  is 
certauily  slight,  and  the  wound  made  may  be  practically 
disregarded.  The  after-treatment  is,  however,  tedious.  The 
principal  importance  attaches  to  the  use  of  the  splint,  to 
"  gradual,  quiet,  and  persevering  extension,"  so  long  continued 
as  to  lead  to  atrophy  of  the  divided  fascial  bands.  The 
adhesions  of  the  contracted  fascia  to  the  skin  are  left  un- 
touched. The  after-treatment  is  such  that  the  procedure 
is  but  indifferently  suited  to  hospital  practice  ;  and  although 
admirable  results  have  been  claimed  for  the  operation,  still 
many  examples  of  relapse  are  forthcoming. 

DIVISION  OF  THE  S'J'ERNO-MASTOID  MUSCLE. 

This  muscle,  or  a  portion  of  it,  is  divided  just  above  its 
origin  in  certain  cases  of  wry-neck.  Sometimes  division  of 
the  sternal  tendon  of  the  muscle  suffices. 

The  tenotomy  is  best  carried  out  about  one-fourth  of  an 
inch  above  the  upper  border  of  the  clavicle  and  sternum. 

The  sterno-mastoid  is  in  this  situation  covered  by  the 
cervical  fascia,  and  is  crossed  by  the  supra-sternal  nerve.  The 
anterior  jugular  vein  passes  behind  it,  just  above  the  clavicle, 
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and  is  in  danger  of  being  wounded.  This  vein  is,  moreover, 
subject  to  considerable  variation.  The  external  jugular  vein 
is  in  close  relation  with  the  posterior  or  outer  border  of 
the  muscle. 

The  patients  subjected  to  the  operation  are  usually 
children ;  the  muscle  is  prominent,  and  has  by  its  con- 
tracted position  been  somewhat  carried  away  from  the 
subjacent  vessels.  It  is,  moreover,  not  infrequently  con- 
verted into  a  comparatively  narrow  fibrous  cord. 

Tenotomy  of  a  normal  sterno-mastoid  muscle  would  be 
a  dangerous  and  a  somewhat  difficult  operation,  but  the 
same  degree  of  danger  and  difficulty  does  not  attend  the 
tenotomy  as  it  is  carried  out  in  practice. 

The  division  of  the  muscle  in  an  adult  body  in  an 
operative  surgery  class  can  be  scarcely  considered  to  re- 
present the  procedure  which  is  carried  out  upon  the  living 
subject. 

Operation. — The  head  and  shoulders  are  well  raised,  and 
the  trunk  is  brought  close  to  the  head  of  the  table.  The 
operation  will  be  described  as  it  would  apply  to  the  muscle 
of  the  right  side. 

The  surgeon  stands  upon  the  affected  side,  and  facing 
the  patient.  An  assistant  placed  at  the  opposite  side  of  the 
table  so  holds  the  head  as  to  place  the  muscle  upon  the 
stretch. 

The  sternal  and  clavicular  portions  of  the  muscle  should 
be  divided  separately. 

With  a  sharp-pointed  tenotome  a  very  small  vertical 
incision  is  made  along  the  inner  or  anterior  border  of  the 
muscle  (the  sternal  tendon).  The  fascia  is  divided,  and  the 
tendinous  margin  is  clearly  reached.  A  blunt-pomted  teno- 
tome is  now  introduced,  is  passed  down  to  the  tendon  and 
then  behmd,  and  is  thrust  along  horizontally  and  on  the  flat, 
until  its  point  can  be  felt  in  the  gap  between  the  clavicular 
and  sternal  portions  of  the  muscle.  It  nuist  be  kept  as  close 
to  the  muscle  as  possible. 

The  edsre  is  now  turned  towards  the  tendon,  Avhich  is 
divided  by  cutting  towards  the  skin. 

The  surgeon's  left  forefinger  is  placed  as  a  guard  over  the 
integument  covering  the  site  of  the  tenotomy. 
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The  sharp  tenotome  is  m  like  manner  entered  at  the 
posterior  or  outer  border  of  the  muscle,  and  the  blunt  instru- 
ment introduced  and  manipulated  in  the  same  way.  The 
clavicular  part  of  the  muscle  is  then  divided  in  the  same 
manner  as  was  the  sternal  portion.  It  will  be  noticed  that,  to 
divide  the  former,  the  knife  is  introduced  from  without  in, 
and  to  divide  tbe  latter  from  within  out.  If  more  convenient, 
the  puncture  for  the  clavicular  portion  may  be  also  made  on 
the  inner  side,  but  this  procedure  involves  a  little  more  risk 
to  the  external  jugular  vein. 

The  surgeon  may  be  disappointed  to  find  that  after  the 
operation  he  is  stiU  unable  to  entirely  correct  the  deformity. 
This  wiU  depend  rather  upon  coincident  contractions  of  the 
cervical  fascia  and  the  scalene  muscles,  than  upon  an  in- 
sufficient section  of  the  sterno-mastoid. 

In  dealing  with  the  left  muscle,  the  operator  Avill  find  it 
convenient  to  stand  beyond  the  upper  end  of  the  table  and 
lean  over  the  patient's  head  to  operate  (i.e.,  he  will  face  the 
patient's  feet) ;  or  he  may  take  up  a  corresponding  position  to 
that  described  in  dealing  with  the  right  side,  and  may  cut 
both  portions  of  the  muscle  through  punctures  made  on  the 
outer  or  posterior  side  of  the  part  to  be  divided,  commencing 
with  the  clavicular  head  of  the  muscle. 

Some  surgeons  recommend  the  following  method  : — 

An  incision  is  made  at  the  anterior  or  inner  border  of  the 
muscle,  and  through  this  a  grooved  director  is  passed 
beneath  the  muscle,  until  its  pomt  can  be  felt  at  the  posterior 
or  outer  border.  A  narrow  probe-pointed  bistoury  is  now 
introduced  along  the  groove  of  the  director,  and  the  muscle  is 
divided  by  cutting  from  the  posterior  to  the  anterior  border, 
and  from  the  deep-lying  parts  towards  the  skin. 

This  method  is  suited  for  the  normal  muscle,  and  for  the 
operation  as  it  is  performed  in  the  class-room ;  but  it  is  not 
necessary  in  dealing  with  the  usual  cases  requiring  the  opera- 
tion in  actual  practice. 
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and  forcible  language,  so  that  the  work  is  entirely  brought  within  the  compass  of  every 
student.    It  supplies  a  want  that  has  long  been  felt."— T'Ac  Lancet. 

Materia   Medica   and   Therapeutics.        By  J. 

MiTCHKLL  Bruce,  M.D.,  F.R. CP.,  Lecturer  on  Materia  Medica  at 
Charing  Cross  Medical  School,  and  Physician  to  the  Hospital. 
A  full  account  of  the  many  important  drugs  contained  in  the 
Addendum  to  the  British  Pharmacopoeia,  recently  issued,  will  be 
found  in  the  New  Edition  (i8qt),  7.**.  iid. 
"We  welcome  its  appearance  with  mui  h  pleasure,  and  feel  sure  that  it  will  be 

received  on  all  sides  with  that  favour  which  it  richly  tlcserves." — British  Medical 

yonrnal. 

Physiological  Physics.  By  j.  McGregor-Robertson, 

M.A.,  M.B.,  Muirhead  Demonstrator  of  Physiology,  University  of 

Glasgow.    7.V.  4id. 
"Mr.  McGregor-Robertson  has  done  the  student  the  greatest  service  in  collcctiui; 
together  in  a  handy  volume  tlescriptions  of  the  experiments  usually  performed,  and  ul 
the  apparatus  concerned  in  performing  them." — The  Lancet. 

Surgical  Diagnosis :  A  Manual  for  the  Wards. 

By  A.  Pearce  Gould,  M.S.,  M.B.,  F.R.C.S.,  Assistant  Surgeon  to 
Middlesex  Hospital.    7s,  Htt. 
"We  do  not  hesitate  to  say  that  Mr.  Gould's  work  is  unique  in  its  excellence." — 
The  L^tncet, 

Comparative  Anatomy  and  Physiology.    By  F. 

Jeffrev  Bell,  M.A.,  Professor  of  Comparative  Anatomy  at  King'.-. 
College.    7.<».  Oil. 

"  The  book  has  evidently  been  prepared  with  very  preat  rare  and  accuracy,  and  is 
well  up  to  date.   The  woodcuts  are  abundant  and  good.  — Athenceiim. 

Forensic  M<^dicirie.     By  A.  J.  Pepper,  M.S.,  M.B.. 

F.R.C.S.,  Examiner  in  Forensic  Medicine  to  the  University  ol 
London.    (In  preparation.') 

Cassell  &^  Coiiifiauy,  Liinilcd,  Ladgalc  Hill,  Loiulmt. 
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Clinical  Manuals 

FOR 

Practitioners  and  Students  of  Medicine. 
Complete  Monographs  on  Special  Subjects. 

"A  valuable  series,  which  is  likely  to  form,  when  com- 
pleted, perhaps  the  most  important  Encyclopjcdia  of  Medicine 
and  Surgery  in  the  English  language.  "—Zi'nV'/j/i  Medical Journal. 

THE  object  of  this  Series  is  to  present  to  the  Practitioner 
and  Student  of  Medicine  original,  concise,  and  complete 
monographs  on  all  the  principal  subjects  of  Medicine  and 
Surgery,  both  general  and  special. 

it  is  hoped  that  the  Series  will  enable  the  Practitioner  to 
keep  abreast  with  the  rapid  advances  at  present  being  made  in 
medical  knowledge,  and  that  it  will  supplement  for  the  Student 
the  comparatively  scanty  information  on  special  subjects  con- 
tained in  the  general  text-books. 


LIST  OF  CLtNICAL  MANUALS. 

Food  in  Health  nud.  Disease.    By  I.  Bukney  Yeo, 

M.D.,  K.R.C.P.,  Physician  to  King's  College  Hospital,  and  Pro- 
fessor of  Clinical  Therapeutics.  King's  College.  9s. 
"We  think  that  Or.  Yeo  is  to  be  congratuLited  on  haviuj;  ncconiplislicd  his  closirc ; 
wc  became  more  and  more  favourably  impressed  with  the  work  as  we  went  through  the 
various  chapters,  and  we  have  no  doubt  that  it  will  attain,  as  it  deserves,  a  great 
success."—  yVfr  hattcel. 

The  Pulse.     By  W.  H.  Broadbent,  M.D.,  F.R.C.P., 

Senior  Physician  to,  and  Lecturer  on  Clinical  Medicine  at,  St.  Mary's 
Hospital.  98. 

"There  is  so  niucli  that  is  interesting  and  well  done,  that  it  is  hard  to  emphasise 
any."-  Hospital. 

Ophthalmic,  Siiirqery.    By  R.  Brudeneli,  Carter, 

F.R.C.S.,  Ophthalmic  Surgeon  to,  and  Lecturer  on  Ophthalmic 
Surgery  at,  St.  George's  Hospital;  and  W.  Adams  Frost,  F.R.C.S., 
Assistant  Ophthalmic  Surgeon  to,  and  Joint-Lecturer  on  Ophthalmic 
Surgery  at,  St.  George's  Hospital.    With  Chromo  Frontispiece.  98. 
"Its  c  earness  and  conciseness  will  cause  it  to  be  welcomed  bjf  students  and  young 

practitioners  as  an  agreeable  and  useful  guide  to  the  modern  practice  of  eye  diseases." — 

iiritish  Medical  Journal. 

Diseases  of  Joitils.    By  Howard  Marsh,  F.R.C.S., 

Senior  Assistant  Surgeon  to,  and   Lecturer  on  Anatomy  at,  St. 
Bartholomew's  Hospital,  and  Surgeon  to  the  Children's  Hospital, 
Great  Ormond  Street.    With  Chromo  Frontispiece.  9s. 
"  This  volume  is  excellently  planned.    Mr.  Marsh  brings  to  bear  upon  it  keen 
critical  acumen." — LiTcrpool  Medico-Chirur^ical  yournal. 

Diseases  of  the  Hectum,  and  Anus.  By  Charles 

B.  Ball,  M.Ch.  (Dublin),  F.R.C.S. L,  Surgeon  and  Clinical  Teacher 
at  Sir  P.  Dun's  Hospital.    With  Chromo  Plates.  9s. 
"  As  a  full,  clear,  and  trustworthy  description  of  the  diseases  which  it  deals  with,  it  is 
certainly  second  to  none  in  the  language.    The  author  is  evidently  well  read  in  the 
literature  of  the  subject,  and  has  nowhere  failed  to  describe  what  is  best  up  to  date.  The 
model  of  what  such  a  work  should  be." — Bristol  Medico-Chirttr^ical  yournal. 


List  of  Clinical  Manuals  (continued). 


Diseases  of  the  Breast.     By  Thomas  Bryant, 

F.R.C.S,,    Surgeon    to,   and    Lecturer    on    Surgery    at,  Guy's 
Hospital.    With  8  Chromo  Plates.  9s. 
"  Mr.  Bryant  is  so  well  known,  both  as  an  author  and  a  surgeon,  that  we  are  absolved 
from  the  necessity  of  speaking;  fully  or  critically  of  his  work."— 7~/fc  Lancet. 

Syphilis.  By  Jonathan  Hutchinson,  F.R.S.,  F.R.C.S., 

Consulting  Surgeon  to  the  London  Hospital  and  to  the  Royal 
London  Ophthalmic  Hospital.  With  8  Chromo  Plates.  9s. 
*'  A  valuable  addition  to  the  series  of  Clinical  Manuals  of  its  publishers,  by  an  expert 
and  accomplished  writer,  moderate  in  tone,  judicious  in  spirit,  and  yet  expressing  the 
decided  convictions  of  one  whose  experience  entitles  him  to  speak  with  authority.  The 
student,  no  matter  what  may  be  his  age,  wi!l  find  in  this  compact  treatise  a  valuable 
presentation  of  a  vastly-  important  subject.  We  know  of  no  better  or  more  compre- 
hensive treatise  on  syphilis." — Mtaical  News,  Philadelphia. 

Fractures   and  Dislocations.     By  T.  PicKERTNt; 

PtcK,  F.R.C.S.,  Surgeon  to,  and  Lecturer  on  Surgery  at,  St.  George's 

Hospital.  8s.  6d. 
*'  We  must  express  the  pleasure  with  which  we  have  perused  the  book,  and  our 
especial  admiration  for  the  lucidity  of  the  author's  style,  and  the  simplicity  of  his  direc- 
tions for  the  application  of  apparatus;  in  the  latter  respect  it  is  always  difficult  to 
combine  clearness  with  brevity,  but  herein  Mr.  Pick  has  been  most  successful."— 
Glasgow  Medical  yonrnaL 

Surgical  Diseases  of  the  Kidney.     By  Henry 

Morris,  M.B.,  F.R.C.S.,  Surgeon  to,  and  Lecturer  on  Surgery  at, 

Middlesex  Hospital.    With  6  Chromo  Plates.  9s. 
"  Mr.  Morris  writes  clearly  and  forcibly,  and  handles  his  subject  very  thoroughly,  so 
that  the  reader  rises  from  the  perusal  of  the  work  ihipressed  with  its  importance.  It 
would  be  difficult  to  find  ihese  subjects  treated  more  carefully  and  thoroughly."— Br tiish 
Medical  yoarnal.  ' 

Insanity  and  Allied  Neuroses,    By  George  H. 

Savage,  M.D.,  Medical  Superintendent  and  Resident  Physician  to 
Bethlem  Royal  Hospital,  and  Lecturer  on  Mental  Diseases  at  Guy's 
Hospital.   8s.  6d. 

'*  Dr.  Savage's  grouping  of  insanity  is  practical  and  convenient,  and  the  observations 
on  each  group  are  acute,  extensive,  and  well  arranged."— 7*Atf  Lancet, 

Intestinal   Obstruction.     By  Frederick  Treves, 

F.R.C.S.,  Surgeon  to,  and  Lecturer  on  Anatomy  at,  the  London 

Hospital.    8S.  6d. 
*'  Throughout  the  work  there  is  abundant  evidence  of  patient  labour,  acute  observa- 
tion, and  sound  reasoning,  and  we  believe  Mr.  Treves's  book  will  do  much  to  advance 
our  knowledge  of  a  very  difficult  subject." — The  Lancet.  ' 

Diseases   of  the    Tongue.      By   H.   T.  Butlin, 

F.R.C.S.,  Assistant  Surgeon  to  St.  Bartholomew's  Hospital.  With 

S  Chromo  Plates.  9s. 
"  Mr.  Butlin  may  be  congratulated  upon  having  written  an  excellent  manual,  scientific 
in  tone,  piactical  in  aim,  and  elegant  in  literary  form.    The  coloured  plates  rival,  if  not 
excel,  some  of  the  most  careful  specimens  of  art  to  be  found  in  the  pages  of  European 
medical  publications." — British  Medical  Journal. 

Surgical  Diseases  of  Children,      By  Edmund 

Owen,  M.B.,  F.R.C.S.,  Senior  Surgeon  to  the  Children's  Hospital, 
Great  Ormond  Street,  and  Surgeon  to,  and  Co- Lecturer  on  Surgery 
at,  St.  Mary's  Hospital.    With  4  Chromo  Plates.  9s. 
"  Mr.  Owen's  volume  will  rank  as  an  invaluable  r/sum^  of  the  subject  on  which  it 

treat?.,  and  should  readily  take  its  place  as  a  reliable  and  compact  guide  to  the  surgery 

of  children."— J/frficw/  Press  and  CiraUar. 

Cassell  &  Company,  Limited,  Ludgate  Hill,  London. 


5 


Published  by  Casseil  6^  Company. 


The  Treatment  of  Typhoid  Fever,  Especially  by 

"Antiseptic"  Remedies.  By  J.  Burney  Yko,  M.D.,  F.R.C.P  , 
Professor  of  Clinical  Therapctuics  in  King's  College,  London,  and 
Physician  to  the  Hospital.    Is.  6cl. 

Medical  Handbook  of  Life  Assurance.    For  iiic 

use  of  Medical  and  other  Officers  of  Companies.  Hy  Jamhs  Edwakd 
Poi.i.oCK,  M.D.,  F.R.C.P.  (Consulting  Physician  t  >  the  Hospital  lor 
Consumption  and  Diseases  of  the  Chest,  Hrompton) ;  and  Jamics 
CiilsHOLM  (Fellow  of  the  Institute  of  Actuaries,  London,  and  of  the 
Faculty  of  Actuaries,  Scotland).     7s.  6cl. 

The   Influence  of   Clothing   on  Health.  l!y 

Fricdkhick  Tuevks,  F.R.C.S.  2s. 

The  Eye,  Ear,  and  Throat  (The  Management  of). 
The  Eye  and  Sight.  By  Henuv  Power,  m.b.,  F.R.c.s.  The 
Ear  and  Hearing.  By  Ukokgii  P.  Field.  The  Throat, 
Voice  and  Speech.  By  John  .S.  Brisiowe,  M.D.,  F.R.S. 
3s.  6d. 

The  Skin  and  Hair  (The  Management  of).  J^y 

Malcolm  RIorrls,  F.R.C.S.  Ed.  23. 

Health  at  School.   By  Clkment  Dukes,  M.D.,  U.S., 

Physician  to  Rugby  School  and  to  Rugby  Hospital.    7s.  6d. 

An  Address  in  School  Hygiene.    By  Clement 

Dukes,  M.D.  Lond.,  M.R.C.P.  Lond.    Demy  8vo.  Is. 

Climate  and  Health  Resorts.   By  I.  Bukney  Yeo, 

M.D.,  F.R.C.P.,  Physician  to  King's  College  Hospital.  New  and 
Cheaper  Edition.    With  an  Appendix.    7s.  6d. 

Vaccination  Vindicated :  Beini;  an  Answer  to  the 
Leading  Anti-Vaccin.ators.  By  John  C.  McVail,  M.D.,  D.P.H. 
Camb.  ;  Physician  to  the  Kilmarnock  Infirmary;  Medical  Officer 
of  Health,  Kilmarnock  ;  President  of  the  Sanitary  Association  of 
Scotland,  &c.  5s. 

The  Natural  History  of  Cow-Pox  and  Vaccinal 

Syphihs.    By  Charles  Creighton,  M.D.  3s. 


A  Handbook  of  Nursing  for  the  Home  and  for  the 
Hospital.  Bv  Catherine  J.  Wood,  Lady  Superintendent  of  th--- 
Hospital  for  Sick  Children.  Great  Ormond  Street.  Ninth  and  Cheap 
Edition.    Is.  6d  ;  cloth,  23.. 

"A  book  which  every  mother  of  a  family  ought  to  have,  as  well  asevery 
nurse  under  training."— G««rrf/nH. 

A  Handbook  for  the  Nursing  of  Sick  Children. 

With  a  few  Hints  on  their  Management.  By  Catherine  J.  Wood. 
2s.  6d. 

"  Miss  Wood's  book  is  succinct,  clearly  written,  and  goes  straight  to 
the  heart  of  each  detail  in  a  thoroughly  buMness-like  fashion."— //cW/A. 

Casseil  &  Company,  Limited,  Ludgate  Hill,  London. 


/ssued  Yearly,    About  500 pages  8vo,  price  7s.  6d. 

The  Year-Book  of  Treatment. 

A  Critical  Review  for  Practitioners  of  Medicine. 

In  this  useful  publication  there  is  no  indication  of  any 
decline  in  the  industry  of  the  contributors,  in  the  collection  of 
fit  materials,  or  in  the  critical  value  of  their  remarks  on  new 
therapeutic  procedures.  On  the  contrary,  experience  seems  to 
have  perfected  their  judgment.  In  fact,  the  whole  volume  is 
full  of  good  things,  and  will  prove  a  great  boon  to  the 
busy  practitioner.  .  .  .  It  is  a  book  of  extreme  vahte  to 
all  who  in  these  busy  times  tind  it  difficult  to  keep  pace 
with  the  ever-advancing  march  of  the  science  and  art  of 
medicine.  —  The  Lancet. 

"This  handbook  contains  a  wonderfully  coniflete  .mminary- 
reviciv  of  the  methocls  of  treatment,  new  or  resuscitated,  which 
have,  been  advocated  during  the  year  with  which  it  deals." — 
British  Medical  foiirnal. 

"  The  cause  of  the  signal  favour  with  which  the  work  has 
been  welcomed  is  probably  to  be  found  in  the  long  list  of  well- 
known  names  to  be  found  in  the  list  of  contributors  to  the  work, 
each  division  being  written  by  a  different  hand." — Medical  Press 
and  Circular. 

"A  vast  mass  of  valuable  information  and  accumulated 
experience  is  published  each  week,  but  scattered  in  the 
numerous  periodicals  in  English,  H  rench,  and  German  ;  and,  in 
the  midst  of  much  that  it  would  benefit  no  one  to  remember, 
it  is  very  apt  to  be  overlooked.  It  is  obvious  that  the  busy 
practitioner  cannot  wade  through  this  heterogeneous  collection, 
and  he  will  hail  with  delight  a  guide  which  gives  him  a  selection 
of  the  new  methods  of  treatment  in  use  both  here  and  on  the 
Continent,  and  at  the  same  time  an  estimate  of  their  value  by 
men  who,  by  their  special  reading  and  hospital  experience,  have 
made  themselves  pre-eminent  in  the  branch  they  have  super- 
vised. .  .  .  We  can  strongly  recommend  the  book  ro  all 
practitioners,  and  we  shall  not  be  exaggerating  if  we  say  that 
this  hook  is  one  of  that  class  which  it  is  an  economy  to  possess."- — ■ 
London  Medical  L-iecorder. 

"This  valuable  annual  may  be  commended  to  the  attention 
of  those  who  are  on  the  outlook  for  a  comprehensive  and  reliable 
summary  of  therapeutic  progress  \n  every  branch  of  medicine  and 
surgery.'^ — Glasgoiv  Medical Journal. 

"That  this  book  has  met  a  long  felt  want  its  rapid  and 
extensive  sale  abundantly  testifies." — Liverpool  Medico- Chirur- 
gical  Joiiriial. 

Cassell  <5r»  Company,  Limited.  Ludgnte  Hill,  London. 


7 


Authoritative  IVork  on  Health  by  Eminent  Physicians 
atid  Sttri^eons. 

The  Book  of  Health. 

A  Systematic  Treatise  for  the  Professional  and  General  Reader 
upon  the  Science  and  the  Preservation  of  Health    .  21s, 

Roxburgh  25s. 
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